On fault identification of linear networks. by Dyer, James Richard
Calhoun: The NPS Institutional Archive
Theses and Dissertations Thesis Collection
1969-06
On fault identification of linear networks.
Dyer, James Richard






" '  
c•  
. . .  ,  T h e s i s  
0 9 6 5  
U n i t e d  S t a t e s  
N a v a l  P o s t g r a d u a t e  S c h o o l  
T H E S I S  
O N  F A U L T  I D E N T I F I C A T I O N  O F  
L I N E A R  N E T W O R K S  
b y  
J a m e s  R i c h a r d  D y e r  
J u n e  1 9 6 9  
T f U 4  d o c u m e n t  h a 4  b e e n  a p p ! L o v e d  6 o i L  p u b l i c .  1 L e -
. i e 4 6 e  a n d  ~ate; . U 4  c U . 6 t M . b u . U o n  . U  w t t i . m i t e d .  
, 
-
ov6£6 • sn~. '- .IlliOW 
'100H09 S.tVOCI'im~' -- ~ "lVllW 
J...~JTl 





'  . . .  
I  
I  
. .  
I  
: , r  
"  
O n  F a u l t  I d e n t i f i c a t i o n  o f  
L i n e a r  N e t w o r k s  
b y  
J a m e s  R i c h a r d  D y e r  
L i e u t e n a n t  ( j u n i o r  g r a d e ) ,  U~ited S t a t e s  N a v y  
B . S .  E .  E . ,  U n i v e r s i t y  o f  A r k a n s a s ,  1 9 6 8  
S u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
M A S T E R  O F  S C I E N C E  I N  E L E C T R I C A L  E N G I N E E R I N G  
A u t h o r  
A p p r o v e d  b y :  
f r o m  t h e  
N A V A L  P O S T G R A D U A T E  S C H O O L  
J u n e  1 9 6 9  
T / z a i s  
_ [ !  C J & 5  
c . . Z  
A E S T R A C T  
A  s t u d y  h a s  b e e n  m a d e  o n  t h e  p o s s i b i l i t y  o f  i d e n t i f y i n g  f a u l t y  
c o m p o n e n t s  o f  a  n e t w o r k  b y  m a k i n g  t e s t s  o n l y  o n  e x t e r n a l  p o i n t s  o f  
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p o l e s  a n d  z e r o s  o f  t h e s e  f u n c t i o n s  a r e  u s e d  t o  s e l e c t  a  s e t  o f  t e s t  
f r e q u e n c i e s .  F r o m  t h e  m e a s u r e m e n t s  m a d e  a t  t h e s e  f r e q u e n c i e s ,  
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I N T R O D U C T I O N  
O n e  o f  t h e  u r g e n t  n e e d s  f a c i n g  t o d a y
1  
s  N a v y  i s  a  s o l u t i o n  t . o  f h e  
p r o b l e m  o f  e l e c t r i c  a n d  e l e c t r o n i c  e q u i p m e n t  f a i l u r e s .  I t  i s  n o t  
l i k e l y  t h a t  s u c h  h i g h l y  r e l i a b l e  c o m p o n e n t s  w i l l  b e  p r o d u c e d  t h a t  t h e  
p r o b l e m  c a n  b e  e l i m i n a t e d .  T h e r e f o r e ,  a n o t h e r  a p p r o a c h  i s  n e c e . s s a r y .  
I n  t h e  e v e n t  o f  a n  e q u i p m e n t  f a i l u r e  i n  a n  e m e r g e n c y  s i t u a t i o n ,  
m a n y  l i v e s  m a y  d e p e n d  o n  h o w  f a s t  t h e  r e p a i r s  a r e  m a d e .  O f t e n  
t h e  o n l y  m e t h o d  a v a i l a b l e  t o  t h e  t e . c h n i c i a n  i s  t o  d i s a s s e m M e  t h e  
e q u i p m e n t  a n d  m a k e  t e s t s  a t  v a r i o u s  i n t e r n a l  p o i n t s .  W h e . n  t h e  
t e c h n i c i a n  d o e s  n o t  h a v e  a  g o o d  f a m i l i a r i t y  w i t h  t h e  e q u i p m e n t ,  
t h i s  c a n  l e a d  t o  a  d o w n  t i m e  o f  u p  t o  s e v e r a l  h o u r s ,  w h i c h  i n  m o s t  
c a s e s  i s  i n t o l e r a b l e .  T h e r e f o r e ,  a  m e t h o d  o f  m a i n t e n a n c e  i s  n e e d e d  
w h i c h  w o u l d  a l l o w  e v e n  a n  i n e x p e r i e n c e d  t e c h n i c i a n  t o  h a v e  t h e  re~ 
p a i r s  c o m p l e t e d  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e .  A l s o ,  i t  w o u l d  b e  
d e s i r a b l e  t o  b e  a b l e  t o  a p p l y  t h i s  s a m e  p r o c e d u r e  t o  a  r o u t i n e  
p r o g r a m  o f  p r e v e n t i v e  m a i n t e n a n c e  t o  e l i m i n a t e  t h e s e  f a i l u r e s  b e f o r e  
t h e y  c a n  o c c u r .  
A  l o g i c a l  a p p r o a c h  t o  t h i s  p r o b l e m  w o u l d  b e  t o  d e v i s e  a  s c h e m e  
t h a t  w o u l d  u s e  o n l y  e x t e r n a l  t e s t  p o i n t s  o f  t h e  e q u i p m e n t  ( i . e . ,  t h e  
i n p u t  a n d / o r  o u t p u t  t e r m i n a l s ) .  S u c h  a n  a p p r o a c h  h a s  b e e n  u s e d  i n  
t h i s  i n v e s t i g a t i o n .  S o m e  p r e v i o u s  s t u d i e s  i n  t h i s  a r e a  h a v e  b e e n  
m a d e  [ 1 ] ,  [  2 ] .  
7  
T h i s  i n v e s t i g a t i o n  h a s  b e e n  c a r r i e d  o u t  i n  t h e  f o r m  o f  a  f e a s i -
b i l i t y  s t u d y  r a t h e r  t h a n  t o  d e v e l o p  a  p r a c t i c a l  m e t h o d .  T h e  a p p r o a c h  
u s e d  w a s  t o  s e l e c t  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  o f  a  n e t w o r k  a s  
t h e  q u a n t i t i e s  o n  w h i c h  t e s t s  a r e  t o  b e  m a d e .  T h e  c o n s i d e r a t i o n s  
l e a d i n g  t o  t h i s  d e c i s i o n  a r e  g i v e n  i n  C h a p t e r  I I .  
C h a p t e r s  I I I  a n d  I V  c o v e r  t h e  m e t h o d  o f  s e l e c t i n g  t e s t  f r e q u e n c i e s  
a n d  a  m e t h o d  o f  a s s i g n i n g  s i g n a t u r e s  t o  t h e  r e s u l t s  o b t a i n e d  f r o m  
t h e s e  t e s t s .  C h a p t e r  V  a n d  t h e  C O M P U T E R  O U T P U T  s e c t i o n  
c o v e r  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n .  
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P R E L I M I N A R Y  C O N S I D E R A . T T O N S  
A .  G E N E R A T I O N  O F  N E T W O R K  F U N C T I O N S  
O n e  o f  t h e  i n i t i a l  s t e p s  u n c l e  r t a k e n  i n  t h i s  s t u d y  w a s  t h e  s e l e c t i o n  
o f  a  c o m p u t e r  p r o g r a m  t h a t  g e n e r a t e s  n e t w o r k .  f u n c t i o n s .  T h e  
p r o g r a m  c h o s e n  w a s  g i v e n  b y  C h a n g  [ 3 ] .  T h i s  p r o g r a m .,  w r i t t e n  
i n  t h e  F O R T R A N  I V  l a n g u a g e ,  i s  b a s e d  o n  to~po1ogical f o r m u l a s  
a n d  u s e s  t h e  
1 1
d i c h o t o m y  m e t h o d
1 1  
o f  a  t r e e  f i n d i n g  t o .  g . e n e r a t e  t h e  
n e t w o r k  . f u n c t i o n s .  T h e ·  p r o g r a m  w a s  m o d i f i e d  t o .  h a v e  H - g e ·n e  r a t e .  
o n l y  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s .  
T h e  p r o g r a m  t o  b e  p r e s e n t e d  a s  a  r e s u l t  0 - f  t h i s  i n v e s t i g a t i o n  
d i d  n o t  s u b s t a n t i a l l y  a l t e r  t h e  t r e e - f i n d i n g  s e c t i o n s  o f  C h a n g ' s  
p r o . g : r a m .  T h e r e f o r e ,  a  d i s c u s s i o n  o f  t h e ,  t h e o r y  a n d  o p e r a t i . o . n .  
o f  t h e  p r o g r a . m  t a k e n  f r o m  [ 3 ]  w i l l  b e  g i v e n  o n l y  w h e n .  i t  i s  p e r t i n e n t  
t o  t h e  c o n t e n t s  o f t h i s  p a p e r .  
B .  P R O G R A M  L I M I T A T I O N S  
S o m e  l i m i t a t i o n s  o f  t h e  p r o g r a m ,  w h i c h  w i l l  b e  p r e . s e n t e d ,  
a r e  n o w  g i v e n .  T h e  p r o g r a m  l i m i t s  t h e ;  n e t w o r k s  t h a t  w : L i l  b e .  a d -
m i t t e d  t o  t h o s e  w i t h  g r a p h s  h a v i n g  t h e  f o l l o w i n g  p r o p e r t i e s :  
( a )  n o n - o r i e n t e d ,  ( b )  l i n e a r ,  ( c )  a  m a x i m u m  o f  I 5  n o d e s ,  a n d  ( d )  
a  m a x i m u m  o f  6  0  e d g e s  [ 3  ] .  
T h e  n e t w o r k  f u n c t i o . n s  a r e  n o t  g e n e r a t e d  i n  s · y m b o - U e .  f o r m  
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1  
h a v e  n u m e r i c a l  v a l u e s ) .  T h i s  r e q u i r e s  t h a t  t h e  t r e e - f i n d i n g  s u b -
~ 







t h e  p r o c e s s  o f  o b t a i n i n g  t h e  d a t a  n e c e s s a r y  f o r  f a u l t  i d e n t i f i c a t i o n .  








T h e s e  l i m i t a t i o n s  d o  n o t  i m p a i r  t h e  v a l i d i t y  o f  t h i s  i n v e s t i g a -
~ 
~ 
t i o n ,  s i n c e  i t  i s  i n  t h e  n a t u r e  o f  a  f e a s i b i l i t y  s t u d y .  
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C .  C A T E G O R Y  O F  N E T W O R K S  C O N S I D E R E D  
i t  





T h e  l i m i t a t i o n s  g i v e n  i n  t h e  p r e c e d i n g  s e c t i o n  p l a c e  a  r e  s t r i c -
~ -
· ~ 
t i o n  o n  t h e  c l a s s  o f  n e t w o r k s  t h a t  w i l l  b e  a l l o w e d .  T h e  n e t w o r k s  
~ 
~ 
: :  
· t -
~~ 









i n  t h i s  c l a s s  o f  n e t w o r k s ,  t h e  p u r e l y  r e s i s t i v e  n e t w o r k s  w i l l  b e  
· ~ 
p r o h i b i t e d ,  b e c a u s e  o f  t h e  f r e q u e n c y - d e p e n d e n t  n a t u r e  t h a t  i s  1 n -
~ 
h e r e n t  i n  t h e  p r o p o s e d  t e s t  p r o c e d u r e .  
! :  
~ ~ 
0  
T h e  a s s u m p t i o n  i s  a l s o  m a d e  t h a t  t h e  n e t w o r k s  u n d e r  c o n s i d e r a -
I ;  
~ 
.  
l i ,' .  
0  
t i o n  h a v e  a  d e f i n e d  s e t  o f  i n p u t  a n d  o u t p u t  t e r m i n a l s .  T h u s ,  t h e  
I '  
j : '  
"  
t  
p e r m i t t e d  c l a s s  o f  n e t w o r k s  i s :  t h e  s e t  o f  p a s s i v e  l i n e a r ,  t w o - p o r t  
v  
~ 
n e t w o r k s .  
~ 
~ · 
A n  i l l u s t r a t i o n  o f  a  g e n e r a l  t w o - p o r t  n e t w o r k  i s  s h o w n  i n  
F i g u r e  1 .  T h e  i n p u t  a n d  o u t p u t  t e r m i n a l s  a r e  r e p r e s e n t e d  b y  ( 1 ,  3 )  
a n d  ( 2 ,  4 )  r e s p e c t i v e l y .  
I  
i :  
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F i g u r e  1  
T h e  p r o p e r t i e s  o f  t w o - p o r t  n e t w o r k s  a r e  w e l l  c o v e r e d  i n  t h e  
l i t e r a t u r e  [ 3 ]  - [ 6 ] .  T h e  o n l y  t w o - p o r t  p r o p e r t i e s  t h a t  a r e  n e c e s -
s a r y  f o r  t h i s  i n v e s t i g a t i o n  a r e  t h e  f o r w a r d  a n d  r e v e r s e  v o l t a g e -
t r a n s f e r  f u n c t i o n s .  T h e s e  a r e  d e f i n e d  b y  e q u a t i o n s  ( 1 )  a n d  ( 2 )  
r e s p e c t i v e l y .  
!  
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I  














D .  V O L T A G E  T R A N S F E R  F U N C T I O N S  
i  
I n  t h e  p r e c e d i n g  s e c t i o n ,  i t  w a s  s t a t e d  t h a t  t h e  o n l y  t w o - p o r t  
!  
i  
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F i r s t ,  t h e  s e l e c t i o n  o f  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  l e a d s  t o  
a  m o r e  s i m p l i f i e d  a n d  c o n v e n i e n t  t e s t  p r o c e d u r e  t h a n  w o u l d  b e  o b -
t a i n e d  i f  s o m e  o f  t h e  o t h e r  n e t w o r k  f u n c t i o n s  w e r e  s e l e c t e d .  T h e  
t e s t  p r o c e d u r e  p r o p o s e d  u n d e r  t h i s  m e t h o d  w i l l  r e q u i r e  o n l y  a  
1 1  
s i g n a l  g e n e r a t o r  a n d  a  v o l t m e t e r .  O b v i o u s l y ,  u s i n g  a  c o m b i n a t i o n  
o f  t h e  o t h e r  n e t w o r k  f u n c t i o n s ,  s u c h  a s  t h e  z - p a r a m e t e r s  o r  c u r -
r e n t  g a i n s ,  w o u l d  r e q u i r e  m o r e  t e s t  e q u i p m e n t .  A l s o ,  i n  t h e  e v e n t  
o f  a n  e m e r g e n c y  e q u i p m e n t  f a i l u r e ,  t h e  t e s t  i n s t r u m e n t s  m o s t  
l i k e l y  t o  b e  a v a i l a b l e  w o u l d  b e  a  V T V M  a n d  a  s i g n a l  g e n e r a t o r .  
T h i s  w o u l d  b e  t h e  o n l y  t e s t  e q u i p m e n t  n e c e s s a r y  i n  a  p r o g r a m  o f  
p r e v e n t i v e  m a i n t e n a n c e ,  w h i c h  i s  t h e  d e s i r e d  g o a l  t o  b e  o b t a i n e d  
f r o m  a n  e x t e n s i o n  o f  t h e  t e s t  p r o c e d u r e  p r e s e n t e d  h e r e .  T h e  l o g i -
c a l  c o n c l u s i o n  r e a c h e d  f r o m  t h e s e  p o i n t s  i s  t o  u s e  t h e  v o l t a g e  t r a n s -
f e r  f u n c t i o n s .  
I n  t h e  p r e c e d i n g  d i s c u s s i o n ,  t h e  s u g g e s t i o n  w a s  m a d e  t o  u s e  
t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  i n  t h e  t e s t  p r o c e d u r e .  T h e  c h o i c e  
m u s t  t h e n  b e  m a d e  t o  u s e  o n e  o r  b o t h  o f  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s .  
T h e  d e c i s i o n  w a s  m a d e  t o  u s e  b o t h  o f  t h e s e  t r a n s f e r  f u n c t i o n s .  
T h e  f a c t o r s  l e a d i n g  t o  t h i s  d e c i s i o n  a r e  n o w  g i v e n .  
I n  g e n e r a l ,  a  t w o - p o r t  n e t w o r k  w o u l d  h a v e  o n e  s e t  o f  t e r m i n a l s  
f o r  t h e  n o r m a l  i n p u t  a n d  t h e  o t h e r  s e t  f o r  t h e  n o r m a l  o u t p u t .  I n  
t h i s  s i t u a t i o n ,  t h e  r e v e r s e  v o l t a g e - t r a n s f e r  f u n c t i o n  m a y  b e  c o n -
s i d e r e d  t o  b e  o f  v e r y  m i n o r  i m p o r t a n c e .  H o w e v e r ,  i t  m a y  p r o v i d e  
d a t a  t h a t  i s  u s e f u l  o r  e v e n  n e c e s s a r y  t o  i d e n t i f y  a  f a u l t y  c o m p o n e n t .  
F o r  a n y  g i v e n  n e t w o r k ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  a n  e l e m e n t  
o r  e l e m e n t s  o f  t h a t  n e t w o r k  m a y  n o t  a p p e a r  i n  t h e  e x p r e s s i o n  o f  
o n e  o r  m o r e  o f  t h e  n e t w o r k  f u n c t i o n s .  A s  a n  e x a m p l e ,  c o n s i d e r  t h e  
l a d d e r  n e t w o r k  o f  F i g u r e  2 .  
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1 )  
I  
I  
C ±  
F i g u r e  2  
T h e  v o l t a g e  t r a n s f e r  f u n c t i o n s ,  a s  d e f i n e d  b y  e q u a t i o n s  ( 1 )  
a n d  ( 2 ) ,  c a n  b e  f o u n d  b y  a  n u m b e r  o f  m e t h o d s  [ 3 ] , ,  [  4 ] .  T h e s e  h a v e  
b e e n  c a l c u l a t e d  a n d  a r e  g i v e n  i n  e q u a t i o n s  ( 3 )  a n d  ( 4 ) .  
G u -
R ,  R . t  
(  3 )  
f~ 
1  
(  R  2  - t  R  3  +  R 4  )  +  R  ,  (1~\ +  R"  )  
G Z 1  
R z .  
(  4 )  
R t +  R : 3  
A n  i n s p e c t i o n  o f  t h e s e  e q u a t i o n s  s h o w s  t h a t  e l e m e n t s  R
1  
a n d  R
4  
d o  n o t  a p p e a r  i n  t h e  e q u a t i o n  f o r  c
2 1
.  F o r  t h e  p r o p o s e d  f a u l t -
i d e n t i f i c a t i o n  p r o c e d u r e  t h i s  m e a n s ,  o f  c o u r s e ,  t h a t  n o  i n f o r m a t i o n  
c a n  b e  o b t a i n e d  a b o u t  t h e  v a l u e s  o f  R
1  
a n d  R
4  
b y  m a k i n g  t e s t s  o n  
G 2 1 ·  
A n o t h e r  r e a s o n  f o r  s e l e c t i n g  b o t h  o f  t h e  v o l t a g e  t r a n s f e r  f u n c -
t i o n s  i s  t h e  p o s s i b i l i t y  t h a t  a  c h a n g e  i n  t h e  v a l u e  o f  a  n e t w o r k  e l e -
m e n t  m a y  b e  o f f s e t  b y  a  c h a n g e  i n  o n e  o r  m o r e  o t h e r  e l e m e n t s ,  
w i t h  t h e  r e s u l t  t h a t  t h e  m a g n i t u d e  o f  t h e  t r a n s f e r  f u n c t i o n  w i l l  r e -
m a i n  u n c h a n g e d .  
1 3  
T h i s  c a n  b e  i l l u s t r a t e d  b y  a g a i n  c o n s i d e r i n g  t h e  n e t w o r k  o f  
F i g u r e  2 .  A s s u m i n g  t h a t  a l l  o f  t h e  e l e m e n t  v a l u e s  a r e  e q u a l  t o  l ,  
e q u a t i o n s  ( 5 )  a n d  ( 6 )  a r e  o b t a i n e d  b y  s u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  
( 3 )  a n d  ( 4 ) .  
G l 2  =  






(  5 )  
( 6 )  
N o w  a s s u m e  t h a t  R
2  
h a s  i n c r e a s e d  i n  v a l u e  t o  3 ,  t h a t  R
3  
h a s  
i n c r e a s e d  i n  v a l u e  t o  2 ,  a n d  t h a t  R
1  
a n d  R
4  
h a v e  r e m a i n e d  u n c h a n g e d .  
T h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  c a n  a g a i n  b e  e v a l u a t e d  b y  s u b s t i t u t i n g  
t h e s e  n e w  n e t w o r k  v a l u e s  i n t o  e q u a t i o n s  ( 3 )  a n d  ( 4 ) .  T h e  r e s u l t s  
o f  t h i s  a r e  g i v e n  i n  e q u a t i o n s  ( 7 )  a n d  ( 8 ) .  
l  
G l 2  =  
-
5  




G 2 l  
5  
(  8 )  
.  · A  c o m p a r i s o n  o f  e q u a t i o n s  (  5 )  a n d  (  7 )  s h o w s  t h a t  t h e  m a g n i t u d e  
o f  c
1 2  
h a s  r e m a i n e d  u n c h a n g e d ,  a l t h o u g h  o n e  o f  t h e  n e t w o r k  e l e -
m e n t s  h a s  b e e n  i n c r e a s e d  i n  v a l u e  b y  3 0 0 %  a n d  a n o t h e r  b y  2 0 0 % .  
H o w e v e r ,  w h e n  e q u a t i o n s  ( 6 )  a n d  ( 8 )  a r e  c o m p a r e d ,  t h e  c h a n g e  i n  
m a g n i t u d e  o f  G
2 1  
i n d i c a t e s  t h a t  a  c h a n g e  h a s  o c c u r r e d  i n  a t  l e a s t  
o n e  o f  t h e  n e t w o r k  e l e m e n t s  R
2  
o r  R 3 "  
I t  i s  n o t e d  t h a t  n o  u s e f u l  i n f o r m a t i o n  f o r  f a u l t  i d e n t i f i c a t i o n  
p u r p o s e s  w o u l d  b e  o b t a i n e d  b y  m a k i n g  m e a s u r e m e n t s  o f  t h e  v o l t a g e  
1 4  
r :  
I  
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t r a n s f e r  f u n c t i o n s  i n  t h e  e x a m p l e  g i v e n  a b o v e ,  a n d  i t  w a s  s t a t e d  
e a r l i e r  t h a t  p u r e l y  r e s i s t i v e  n e t w o r k s  w o u l d  n o t  b e  a l l o w e d .  H o w e v e r ,  
I  •  
t h i s  a r g u m e n t  c a n  r e a d i l y  b e  e x t e n d e d  t o  c o v e r  t h e  c a s e  o f  a  n e t w o r k  
J  
f o r  w h i c h  t h e  m a g n i t u d e s  o f  i t s  t r a n s f e r  f u n c t i o n s  a r e  f r e q u e n c y  
d e p e n d e n t .  
O n e  o t h e r  f a c t o r  w i l l  b e  n o t e d  t h a t  a r g u e s  f o r  t h e  u s e  o f  b o t h  
o f  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s .  I t  i s ,  o f  c o u r s e ,  t h e  g e n e r a l  
c a t c h - a l l  p h r a s e  o f  h a v i n g  n o n - i d e a l  t e s t  e q u i p m e n t  a n d  o p e r a t o r s .  
I n  g e n e r a l ,  t h e  t e s t  e q u i p m e n t  s h o u l d  b e  o p e r a t i n g  w i t h i n  i t s  p e r -
f o r m a n c e  s p e c i f i c a t i o n s  a n d  t h e  o p e r a t o r  e x p e r i e n c e d  e n o u g h  i n  
t h e  u s e  o f  t h i s  e q u i p m e n t  s o  t h a t  t h e  p r o b a b i l i t y  o f  a n  e r r o r  i n  
m e a s u r e m e n t  w o u l d  b e  l e s s e n e d  d u e  t o  t h e  l a r g e r  n u m b e r  o f  m e a s u r e -
m e n t s  r e q u i r e d  f r o m  t h e  u s e  o f  b o t h  t r a n s f e r  f u n c t i o n s .  
A  m e a s u r e  o f  f l e x i b i l i t y  i s  a d d e d  t o  t h e  p r o c e d u r e  t h r o u g h  t h e  
u s e  o f  b o t h  t h e  f o r w a r d  a n d  r e v e r s e  v o l t a g e - t r a n s f e r  f u n c t i o n s .  
T h e  d a t a  f o r  f a u l t  i d e n t i f i c a t i o n  p u r p o s e s  w i l l  b e  i n  t h e  f o r m  o f  t w o  
t a b l e s ,  o n e  f o r  e a c h  t r a n s f e r  f u n c t i o n .  I t  i s  p o s s i b l e  t h a t  t h e  i n -
f o r m a t i o n  n e e d e d  c a n  b e  d e t e r m i n e d  b y  m a k i n g  m e a s u r e m e n t s  o n  
o n l y  o n e  o f  t h e  t r a n s f e r  f u n c t i o n s  a n d  t h e  c o r r e s p o n d i n g  t a b l e  f o r  
t h a t  t r a n s f e r  f u n c t i o n .  I f  t h e  n e e d e d  i n f o r m a t i o n  c a n n o t  b e  d e t e r -
m i n e d  f r o m  t h i s  o n e  s e t ,  t h e  o t h e r  w o u l d  b e  a v a i l a b l e .  I t  c o u l d  
l ¢  
'  
a l s o  b e  u s e d  t o  s e r v e  a s  a  c h e c k  o n  t h e  f i r s t  s e t  o f  m e a s u r e m e n t s  
m a d e .  A  f o r m  o f  t h i s  f l e x i b i l i t y  c a n  b e  s e e n  i n  t h e  f o l l o w i n g  
e x a m p l e .  
1 5  
f o r  t h i s  i n v e s t i g a t i o n .  T h e r e f o r e ,  e q u a t i o n  ( 9 )  c a n  b e  f a c t o r e d  
a n d  g i v e n  i n  t h e  f o r m  o f  e q u a t i o n  (  1  0 ) .  
H (  s )  =  K  
( s - z . l ) ( s - r z ) · · · ( s - l , )  
(  1  0 )  
S  k  (  ~ •  P
1
)  (  S  •  P z )  ·  •  ·  (  ~ - P  m )  
I  -
T h e  c o n s t a n t  K  i s  a  g a i n  t e r m  t h a t  i s  d e t e r m i n e d  b y  t h e  c o e f f i c i e n t s  
a  a n d  b  o f  e q u a t i o n  ( 9 ) .  T h e  z  a n d  p  t e r m s  a r e  d e f i n e d  a s  t h e  
n  m  
z e r o s  a n d  p o l e s  o f  t h e  f u n c t i o n .  A l t h o u g h  t h e  c o e f f i c i e n t s  o f  e q u a t i o n  
(  9 )  a r e  r e a l ,  t h e  p o l e s  a n d  z e r o s  o f  t h e  f u n c t i o n  m a y  b e  i m a g i n a r y  
o r  c o m p l e x .  
W h e n  i m a g i n a r y  o r  c o m p l e x  r o o t s  d o  o c c u r ,  i t  i s  a l w a y s  i n  
t h e  f o r m  o f  c o n j u g a t e  p a i r s .  T h i s  m e a n s  t h a t  a n y  i m a g i n a r y  o r  
c o m p l e x  t e r m s  a p p e a r i n g  i n  ( 1 0 )  m a y  b e  e l i m i n a t e d  b y  m u l t i p l y i n g  
t o g e t h e r  t h e  a p p r o p r i a t e  r o o t s .  W h e n  t h i s  i s  d o n e ,  t h e  n e t w o r k  
f u n c t i o n  i s  g i v e n  i n  t h e  f o r m  o f  e q u a t i o n  (  1 1  ) .  
H (  s )  =  K  
( s - l i ) ( s - l : t ) · · ·  ( s - l i : )  · - - c~· +d.s~· P ) 
(  1 1 )  
S  k  (  ~ - p
1
)  (  s - Pz )  ·  ·  ·  (  s - Pj  )  ·  ·  ·  ( ; : .  ~ +  b  ~ +  E  )  
E q u a t i o n  (  1 1 )  i s  t h e  f o r m  t h a t  i s  m o s t  u s e f u l  f o r  t h i s  s t u d y .  
T h e  c o e f f i c i e n t s  o f  a l l  o f  t h e  f a c t o r s  a p p e a r i n g  i n  t h i s  e q u a t i o n  a r e  
r e a l .  
B .  C O R N E R  F R E Q U E N C I E S  
I n  t h i s  s t u d y  t h e  i n t e r e s t  i s  i n  t h e  s i n u s o i d a l  s t e a d y - s t a t e  
& j  
o p e r a t i o n  o f  a  n e t w o r k  ( i . e . ,  s  =  j  W  ) .  
T h e r e f o r e ,  a  f r e q u e n c y -
r e s p o n s e  a p p r o a c h  i s  u s e d  t o  i n v e s t i g a t e  t h e  f a c t o r s  m a k i n g  u p  
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e q u a t i o n  (  1 1  ) .  O n l y  t h e  f i r s t - o r d e r  a n d  s e c o n d - o r d e r  f a c t o r s  a r e  
d i s c u s s e d ,  s i n c e  t h e y  a r e  t h e  p r i m a r y  t e s t  f r e q u e n c i e s .  
1 .  F i r s t - O r d e r  F a c t o r s  
C o n s i d e r  t h e  f i r s t - o r d e r  f a c t o r  ( s - z . )  i n  e q u a t i o n  ( 1 1 ) .  
1  
F o r  s i n u s o i d a l  s t e a d y - s t a t e  o p e  r a t i o n ,  t h i s  f a c t o r  c a n  b e  r e - d e f i n e d  
b y  e q u a t i o n  ( 1 2 ) .  
S - l~ : :  j W  +  W e  
(  1 2 )  
A s  a n  e x a m p l e ,  c o n s i d e r  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n  g i v e n  i n  
e q u a t i o n  ( 1 3 ) .  I n  o r d e r  t o  u s e  t h e  f r e q u e n c y - r e s p o n s e  a p p r o a c h ,  
t h e  m a g n i t u d e  o f  t h i s  f u n c t i o n  c a n  b e  e x p r e s s e d  i n  d B  a n d  g i v e n  b y  
e q u a t i o n  ( 1 4 ) .  
G
1 2  
( j W )  =  j W  + W e  
(  1 3 )  
9 u : :  2 . 0  lo~
0
1Gjz<Jw){ ~ Z O  l o j
1 0
j j c . u - t wt j :  Z0(
0
jjo \1+j~J(l4) 
A t  e x t r e m e l y  l o w  f r e q u e n c i e s  ( W «  W e ) ,  ( 1 4 )  c a n  b e  a p p r o x i -
m a t e d  b y  ( 1 5 ) .  
3
1 2  
~ Z O  \ o j
1 0  
(  1 1 . : :  0  
(  1 5 )  
F o r  t h e  e x t r e m e l y  h i g h  f r e q u e n c i e s  (  w  ' l ' l  W e . ) ,  t h e  a p p r o x i m a -
t i o n  i n  (  1 6 )  c a n  b e  o b t a i n e d .  
3 . t z  ~ 2 0  l o j i o  \ j  ~J 
(  1 6 )  
1 9  
T h e  s t r a i g h t - l i n e  a s y m p t o t i c  a p p r o x i m a t i o n  t o  (  1 4 )  i s  g i v e n  b y  
( 1 5 )  a n d  ( 1 6 ) .  ( 1 5 )  i s  f o r  t h e  f r e q u e n c i e s  w h e n  W  <  w , ,  a n d  ( 1 6 )  i s  
f o r  f r e q u e n c i e s  w h e r e  W  > W e  
A  p l o t  o f  t h i s  a p p r o x i m a t i o n  i s  
g i v e n  i n  F i g u r e  3 ,  w h e r e  t h e  f r e q u e n c y  a x i s  i s  n o r m a l i z e d  w i t h  
r e s p e c t  t o  W e .  •  
~l 
4 0  
2 . 0  
o  wfw~ 
0 . 1  
1 . 0  1 0  
j Q O  
F i g u r e  3  
T h e  a c t u a l  v a l u e  o f  t h e  t r a n s f e r  f u n c t i o n  a t  t h e  f r e q u e n c y  w h e r e  
W  =  W e .  i s  3  d B  a b o v e  t h e  v a l u e  o f  t h e  s t r a i g h t - l i n e  a p p r o x i m a t i o n  
o f  F i g u r e  3  ( i t  w o u l d  b e  3  d B  b e l o w  t h e  v a l u e  o f  t h e  s t r a i g h t - l i n e  
a p p r o x i m a t i o n  i f  t h e  n e t w o r k  f u n c t i o n  h a d  c o n s i s t e d  o f  a  p o l e ) .  T h e  
s l o p e  o f  t h e  a p p r o x i m a t i o n  i s  0  f o r  W <  W e  a n d  2 0  d B  p e r  d e c a d e  o f  
f r e q u e n c y  f o r  W  / ' W e . ( - 2 0  d B  p e r  d e c a d e  o f  f r e q u e n c y  w h e n  t h e  f a c t o r  
i s  a  p o l e ) .  
T h e  f r e q u e n c y  W e  i s  d e f i n e d  a s  t h e  c o r n e r  f r e q u e n c y  o f  a  f i r s t -
o r d e r  f a c t o r .  T h e  c o r n e r  f r e q u e n c i e s  f o r  f i r s t - o r d e r  f a c t o r s  a r e  
s e l e c t e d  a s  s o m e  o f  t h e  t e s t  f r e q u e n c i e s .  
2 0  
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2 .  S e c o n d - O r d e r  F a c t o r s  
T h e  s e c o n d - o r d e r  o r  q u a d r a t i c  f a c t o r s  o ,f  e q u a t i o n  ( l l )  
a r e  c o n s i d e r e d .  F a c t o r s  o f  t h i s  f o r m  c a n  b e  r e - d e f i n e . d  a : s  i r u  
e q u a t i o n  (  1  7 ) .  
S z +  o ( S  + f l  :  ( j w )
2  
+  2  r w n Q w ) - +  W~ 
(  1  7 )  
G )  n  i s  d e f i n e d .  a s  t h e  u n d a m p e d  n a t u r a l  f r e q u e n c y ,  a n d  j  i s  
t h e  d a m p i n g  f a c t o r .  
T h e  q u a d r a t i c  f a c t o r  c a n  b e  i n v e s t i g a t e d  i n  t h e  s a m e  m a n n e r  
t h a t  w a s  u s e d  f o r  t h e  f i r · s t - o r d e r  f a c t o r .  T h e  t r a n s f e r  f u n c t i o n  
c o n s i d e r e d  f o r  t h i s  f a c t o r  i s  g i v e n  i n  e q u a t i o n  ( 1 8 ) .  
G u ( j ( . . ) )  =  ( j  w  ) ' 2  +  2  f w  .. .  ( J w)  +  w~ 
(  1 8 )  
W i t h o u t  c a r r y i n g  o ut  t h e  s t e p s  f o r  t h e  i n v e s t i g a t i o n  o f  t h e  
f i r s t - o r d e r  f a c t o r ,  t h e  r e s u l t s  o L  t h e  a n a l y s -i s :  o n  t h e  q u a d r a t i c  
f a c t o r  a r e  g i v e n  i n  F i g u r e  4  [ 7 ] .  
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T h e  s l o p e  o f  t h e  c u r v e  i n  F i g u r e  4  f o r  C U  <  W Y \  i s  0 ;  t h e  s l o p e  
i s  4 0  d B  p e r  d e c a d e  o f  f r e q u e n c y  f o r  W " 1 W n  
h a s  b e e n  n o r m a l i z e d  w i t h  r e s p e c t  t o  { . ; . . ) . ,  
T h e  f r e q u e n c y  a x i s  
T h e  f r e q u e n c y  W
1 1  
i s  d e f i n e d  a s  t h e  c o r n e r  f r e q u e n c y  f o r  a  
q u a d r a t i c  f a c t o r .  F r e q u e n c i e s  r e s u l t i n g  f r o m  t h i s  t y p e  o f  f a c t o r s  
a r e  u s e d  a s  t e s t  f r e q u e n c i e s .  
S o m e  c o m m e n t s  o n  q u a d r a t i c  f a c t o r s  a r e  n o w  g i v e n .  T h e  
q u a d r a t i c  f a c t o r  h a s  a  p e a k  v a l u e  w h e n  t h e  d a m p i n g  r a t i o  i s  l e s s  
t h a n  ( - v z - ) -
1
.  T h e  e x p r e s s i o n s  f o r  t h e  m a g n i t u d e  o f  t h e  p e a k  
v a l u e  a n d  t h e  f r e q u e n c y  a t  w h i c h  i t  o c c u r s  a r e  k n o w n  [ 7 ] .  T h e s e  
a r e  d e p e n d e n t  u p o n  t h e  v a l u e  o f  t h e  d a m p i n g  r a t i o .  A l t h o u g h  t h e s e  
a r e  i m p o r t a n t  q u a n t i t i e s  a n d  t h e  p e a k  v a l u e  o f  t h e  f u n c t i o n  c a n  b e  
l a r g e  c o m p a r e d  w i t h  t h e  v a l u e  o f  t h e  s t r a i g h t - l i n e  a p p r o x i m a t i o n  a t  
t h a t  f r e q u e n c y ,  t h e s e  h a v e  n o t  b e e n  c o n s i d e r e d  i n  t h i s  s t u d y .  W h e n  
t h i s  c o n d i t i o n  o c c u r s  i n  a  c o m p l e x  s y s t e m ,  a  s i m p l e  a n a l y t i c  e x -
p r e s s i o n  r e l a t i n g  t h e  c o r n e r  f r e q u e n c y  a n d  t h e  f r e q u e n c y  a t  w h i c h  
t h e  p e a k  v a l u e  o c c u r s  m a y  n o t  b e  a v a i l a b l e .  
C .  A D D I T I O N A L  T E S T  F R E Q U E N C I E S  
A l t h o u g h  t h e  p o l e s  a n d  z e r o s  o f  a  f u n c t i o n  u n i q u e l y  d e t e r m i n e  
t h a t  f u n c t i o n  ( t o  w i t h i n  a n  a l l - p a s s  f u n c t i o n )  [ 1 ] ,  t h e  c o r n e r  f r e q u e n -
c i e s  a r e  n o t  a d e q u a t e  i n  t h e m s e l v e s  t o  d e t e r m i n e  t h e  n e c e s s a r y  
d a t a  f o r  f a u l t  i d e n t i f i c a t i o n .  T h e r e f o r e ,  i t  b e  c a m e  n e c e s s a r y  t o  
s e l e c t  a d d i t i o n a l  t e s t  f r e q u e n c i e s .  
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T h e  s e l e c t i o n  o f  t h e s e  a d d i t i o n a l  t e s t  f r e q u e n c i e s  w a s  d o n e  i n  
a  s i m p l e  a n d  a r b i t r a r y  m a n n e r .  H o w e v e r ,  v e r y  e n c o u r a g i n g  r e s . u l t s .  
h a v e  b e e n  o b t a i n e d  f r o .m  t h e  s a m p l e  p r o b l e m s  t h a t  h a v e  b e e n  w o r k e d  
u s i n g  t h i s  m e t h o d .  
T h e  s e l e c t i o n  o f  t h e s e  a d d i t i o n a l  t e s t  f r e q u e n c i e s  w a s  d o n e  i n  
s u b r o u t i n e  R E S U L T  o f  t h e  c o m p u t e r  p r o g r a m ,  a n d  t h i s  m e t h o d  i s  
n o w  d e s c r i b e d .  
T h e  c o r n e r  f r e q u e n c i e s  w e r e  c a l c u l a t e d  a n d  p l a c e d  i n t o  a r r a y  
W A .  T h e  a r r a y  w a s  t h e n  s o r t e d  n u m e r i c a l l y  b y  e l i m i n a t i n g  z e r o  
f r e q u e n c i e s  a n d  p l a c i n g  t h e  f i r s t  n o n - z e r o  f r e q u e n c y  i n t o  t h e  f i r s t  
p o s i t i o n  i n  t h e  a r r a y .  T h e  z e r o  f r e q u e n c i e s  w e r e  e l i m i n a t e d  b e c a u s e  
o f  t h e  s i n u s o i d a l  s t e a d y - s t a t e  o p e r a t i o n  b e i n g  c o n s i d e r e d .  T h e  
n o n - z e r o  f r e q u e n c i e s  w · e r e  c o m p a r e d ,  a n d  w h e n  i d e n t i c a l  f r e q u e n c i e s  
o c c u r r e d ,  a l l  b u t  o n e  w e r e  e l i m i n a t e d .  
T w o  a d d i t i o n a l  f r e q u e n c i e s  w e . r e  s e l e c t e d  a s  follows ~ t h e  l o w e s t  
n o n - z e r o  c o r n e r  f r e q u e n c y  w a s  d i v i d e d  b y  t e n ,  a n d  t h e  h i g h e s t  c o r -
n e r  f r e q u e n c y  w a s  m u l t i p l i e d  b y  t w o .  
T h e  o t h e r  f r e q u e n c i e s  w e r e  s e l e c t e d  b y  c o ' m p a r i n g  t h e  r a t i o  o f  
a d j a c e n t  c o r n e r  f r e q u e n c i e s .  W h e n  t h i s  r a t i o  w a s  l e s s  t h a n  t w o ,  
n o  a d d i t i o n a l  f r e - q u e n c y  w a s  c h o s e n .  W h e n  t h e  r a t i o  w a s  l e s s  t h a n  
t e n ,  o n e  a d d i t i o n a l  f r e q u e n c y  w a s  s . e l e c t e · d  b y  t a k i n g  t h e  a r i t h m e t i c  
m e a n  o f  t h e  c o r n e r  f r e q u e n c i e s .  W h e n  t h e  r a t i o  w a s  l e cs . s  t h a n  1 0 0 ,  
t w o  a d d i t i o n a l  f r e q u e n c i e s  w e r e  c h o s e n  a s  f o l l o w s :  o n e  w a s  t w i c e ·  
t h e  v a l u e  o f  t h e  l o w e r  c o r n e r  f r e q u e n c y  a n d  t h e  o t h e r  w a s  h a l f  t h e  
2 3  
v a l u e  o f  t h e  h i g h e r  c o r n e r  f r e q u e n c y .  W h e n  t h e  r a t i o  w a s  g r e a t e r  
t h a n  1 0 0 ,  t h r e e  a d d i t i o n a l  f r e q u e n c i e s  w e r e  s e l e c t e d  a s  follo~s: 
o n e  w a s  t e n  t i m e s  t h e  v a l u e  o f  t h e  l o w e r  c o r n e r  f r e q u e n c y ,  o n e  w a s  
o n e - t e n t h  t h e  v a l u e  o f  t h e  h i g h e r  c o r n e r  f r e q u e n c y ,  a n d  t h e  t h i r d  
w a s  t h e  a r i t h m e t i c  m e a n  o f  t h e  c o r n e r  f r e q u e n c i e s .  
A l l  o f  t h e s e  a d d i t i o n a l  f r e q u e n c i e s  p l u s  t h e  c o r n e r  frequ~ncies 
w e r e  p l a c e d  i n t o  a r r a y  W B .  T h i s  a r r a y  w a s  t h e n  s o r t e d  i n  t h e  s a m e  
m a n n e r  a s  W A .  T h e  r a t i o s  o f  t h e  a d j a c e n t  f r e q u e n c i e s  i n  a r r a y  
W B  w e r e  c o m p a r e d ,  a n d  t h e  h i g h e r  o f  t h e  t w o  f r e q u e n c i e s  w e r e  e l i m -
i n a t e d  i f  t h i s  r a t i o  w a s  f o u n d  t o  b e  l e s s  t h a n  l .  0 1 .  T h e  f r e q u e n c i e s  
t h e n  r e m a i n i n g  i n  a r r a y  W B  c o n s t i t u t e d  t h e  s e t  o f  t e s t  f r e q u e n c i e s .  
D .  O T H E R  P O S S I B L E  T E S T  F R E Q U E N C I E S  
T h e  s e l e c t i o n  o f  t h e  a d d i t i o n a l  t e s t  f r e q u e n c i e s ,  a s  g i v e n  i n  
t h e  p r e v i o u s  s e c t i o n ,  w a s  c o m p l e t e l y  a r b i t r a r y .  A l t h o u g h  t h e  
r e s u l t s  o b t a i n e d  u s i n g  t h i s  m e t h o d  h a v e  b e e n  v e r y  g o o d ,  a n o t h e r  
c o m p l e t e l y  a r b i t r a r y  m e t h o d  c o u l d  h a v e  b e e n  u s e d .  P e r h a p s  f e w e r  
t e s t  f r e q u e n c i e s  w o u l d  b e  r e q u i r e d ,  a n d  t h e  r e s u l t s  o b t a i n e d  m i g h t  
b e  a s  g o o d  o r  b e t t e r .  
A n o t h e r  p o s s i b l e  s o u r c e  o f  t e s t  f r e q u e n c i e s  w o u l d  b e  t o  i n v e s -
t i g a t e  t h e  f r e q u e n c y  r e s p o n s e  o f  t h e  f u n c t i o n  t o  o b t a i n  t h e  f r e q u e n c i e s  
a t  w h i c h  r e l a t i v e  e x t r e m a  o c c u r  [ 8 ] .  A t  f r e q u e n c i e s  n e a r  t h e s e  
e x t r e m a ,  t h e  s l o p e  o f  t h e  c u r v e  s h o u l d  n o t  b e  c h a n g i n g  v e r y  r a p i d l y .  
T h i s  w o u l d  m e a n  t h a t  a n  e r r o r  i n  t h e  s e t t i n g  o f  t h e  f r e q u e n c y  o f  a  
s i g n a l  g e n e r a t o r  w o u l d  n o t  b e  a s  p r o b a b l e  t o  g i v e  m i s l e a d i n g  i n f o r m a t i o n .  














I V .  F A U L T  I S O L A T I O N  S I G N A T U R E S  
A .  G E N E R A L  
O n c e  t h e  t e s t  f r e q u e n c i e s  h a v e  b e e n  s e l e c t e d ,  t h e  n e x t  s t e p  
i s  t o  u s e  t h e s e  f r e q u e n c i e s  t o  o b t a i n  t h e  n e c e s s a r y  d a t a  i o r  f a u l t  
i d e n t i f i c a t i o n  p u r p o s e s .  
T h e  m a g n i t u d e s  o f  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  - a r e  c a l c u l a t e d  
f o r  t h e  n o m i n a l  n e t w o r k  v a l u e s  a t  e a c h  o f  t h e  t e s t  f r e q u e n c i e s .  
T h e s e  m a g n i t u d e  r a t i o s  a r e  t h e n  e x p r e s s e d  i n  d B  b y  m u l t i p l y i n g  2 0  
t i m e s  t h e  c o m m o n  l o g a r i t h m  o f  t h e  m a g n i t u d e  r a t i o .  
N e x t ,  t h e  n e t w o r k  e l e m e n t s  h a v e  t o  b e  v a r i e d  i n  v a l u e .  T h i s  
c a n  b e  d o n e  o v e r  w h a t e v e r  r a n g e  a n d  i n  a n y  c o m b i n a t i o n s  t h a t  a r e  
d e s i r e d .  T h e  t r a n s f e r  f u n c t i o n s  a r e  c a l c u l a t e d  f o r  e a c h  v a r i - a t i o n  
a n d  e v a l u a t e d  a t  t h e  s a m e  s e t  o f  t e s t  f r e q u e n c i e s  ( a l s o  e x p r e s s e d  
i n  d B ) .  
T h e  d - a t a  o b t a i n e d  f r o m  t h e s e  s t e p s  c a n  b e  h a n d l e d  i n  a n y  w a y  
t h a t  p r o v i d e s  d e s i r e d  i n f o r m a t i o n .  
B .  A  S E T  O F  S I G N A T U R E S  
T h e  e v a l u a t i o n s  o f  t h e  t r a n s f e r  f u n c t i o n s  e x p r e s s e d  i n  d B  ( o r  
a s  a  s i m p l e  r a t i o )  a s  g i v e n  a b o v e  w o u l d  n o t  b e  e x t r e m e l y  u s e f u l  i n  
t h i s  f o r m .  F o r  e x a m p l e ,  i f  t h i s  d a t a  w e r e  p u t  i n t o  t h e  f o r m  o f  a  
t a b l e  t o  b e  u s e d  f o r  c o m p a r i s o n  p u r p o s e s ,  t h e  t a b l e  w o u l d  b e  l e n g t h y  
a n d  d i f f i c u l t  t o  r e a d .  A l s o ,  i t  i s  d o u b t f u l  t h a t  a n  e x a c t  m a t c h  w o u l d  
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b e  o b t a i n e d  w h e n  m e a s u r e m e n t s  w e r e  m a d e  o n  a n  a c t u a l  n e t w o r k  
w i t h  t h e  e n t r i e s  o f  t h e  t a b l e .  
T h e r e f o r e ,  i t  w a s  d e c i d e d  t o  a s s o c i a t e  a  s i n g l e  i n t e g e r  n u m b e r  
( s i g n a t u r e )  f o r  e a c h  v a l u e  o f  t h e  t r a n s f e r  f u n c t i o n s  a t  e a c h  o f  t h e  
t e s t  f r e q u e n c i e s .  T h i s - r e s u l t s  i n  a n n  b y  r n  t a b l e  w h e r e  r n  i s  t h e  n u m b e r  
o f  t e s t  f r e q u e n c i e s  a n d  n  i s  t h e  n u m b e r  o f  v a r i a t i o n s  m a d e  o n  t h e  
n e t w o r k  e l e m e n t s ,  a n d  e a c h  e n t r y  i n  t h e  t a b l e  i s  a  s i n g l e  i n t e g e r  
n u m b e r .  
T h e  s i g n a t u r e s  w e r e  d e t e r m i n e d  i n  t h e  f o l l o w i n g  m a n n e r .  
F i r s t ,  t h e  g a i n s  o f  t h e  f u n c t i o n s  f o r  t h e  v a r i e d  e l e m e n t s  w e r e  c o r n -
p a r e d  t o  t h e  g a i n s  o f  t h e  n o m i n a l  n e t w o r k  a t  t h e  t e s t  f r e q u e n c i e s .  
T h i s  w a s  d o n e  b y  t a k i n g  t h e  a b s o l u t e  v a l u e  o f  t h e  d i f f e r e n c e  b e t w e e n  
t h e  n o m i n a l  a n d  v a r i e d  g a i n s .  N e x t ,  s i g n a t u r e s  w e r e  a s s i g n e d  
a c c o r d i n g  t o  t h e  f o r m a t  o f  T a b l e  I .  
A b s o l u t e  v a l u e  
o f  d i f f e r e n c e  
S i g n a t u r e  
i n  g a i n  ( d B )  
a s s i g n e d  
l e s s  t h a n  0 .  5  
0  
0 .  5  t o  1 .  0  1  
1 .  0  t o  1 .  5  2  
1 .  5  t o  2 .  0  
3  
2 .  0  t o  3 .  0  
4  
3 ; 0 t o 4 . 0  
5  
4 .  0  t o  5 .  0  
6  
5 .  0  t o  6 .  0  
7  
6 .  0  t o  8 .  0  
8  
g r e a t e r  t h a n  8 .  0  
9  
T a b l e  I  
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T h e  a s s i g n i n g  o f  t h e s e  s i g n a t u r e s  h a s  b e e n  a r b i t r a r y .  I f  o n l y  
a  s p e c i f i c  t y p e  o f  n e t w o r k  w e r e  t o  b e  s t u d i e d ,  a  s p e c i f i c  s e t  o f  
s i g n a t u r e s  c o u l d  b e  d e v i s e d  f o r  t h i s  p a r t i c u l a r  p r o b l e m .  A t  l e a s t  
o n e  d i f f e r e n t ,  b u t  s i m i l a r  m e t h o d  t o  t h e  o n e  g i v e n  h e r e  h a s  b e e n  
u s e d  [  1 ] .  I n  t h i s  m e t h o d  g a i n s  a b o v e  a n d  b e l o w  t h e  n o m i n a l  v a l u e  
w e r e  c o n s i d e r e d  s e p a r a t e l y ,  a n d  t h e  s i g n a t u r e s  w e r e  a s s i g n e d  
a c c o r d i n g l y .  
A n  ' ' a r b i t r a r y ' '  m e t h o d  o f  a s s i g n i n g  s i g n a t u r e s  m a y  b e  
n e c e s s a r y ,  b e c a u s e  d i f f e r e n t  t y p e s  o f  n e t w o r k s  m a y  b e  a s s i g n e d  
s i g n a t u r e s  f r o m  t h e  s a m e  p r o g r a m .  H o w e v e r ,  f o r  a  c o m p l e x  
s y s t e m  i t  m a y  b e  n e c e s s a r y  t o  d e v e l o p  a  s p e c i f i c  s e t  o f  s i g n a t u r e s .  
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V .  R E S U L T S  O B T A I N E D  
A .  D I S C U S S I O N  O F  T H E  P R O G R A M  
A  b r i e f  d i s c u s s i o n  o f  t h e  p r o g r a m  t h a t  i s  p r e s e n t e d  i s  n o w  
g i v e , n .  A s  g i v e n  i n  C h a p t e r  I I ,  t h e  p r o g r a m  t a k e n  f r o m  [ 3 ]  w a s  
m o d i f i e d  t o  g e n e r a t e  o n l y  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s .  T h e  o n l y  
m a j o r  c h a n g e s  m a d e  t o  t h i s  p r o g r a m  w e r e  i n  M A I N  a n d  s u b r o u t i n e  
R E S U L T .  T h e r e f o r e ,  a  d i s c u s s i o n  o f  t h e  o p e r a t i o n  o f  t h e  r e m a i n i n g  
s u b r o u t i n e s  i s  n o t  g i v e n .  
E s s e n t i a l l y  t h e  o p e r a t i o n  o f  t h e  p r o g r a m  u p  t o  t h e  p o i n t  w h e r e  
R E S U L T  i s  c a l l e d  w a s  n o t  m o d i f i e d .  W h e n  R E S U L T  i s  c a l l e d ,  t h e  
t r a n s f e r  f u n c t i o n s  f o r  t h e  n o m i n a l  n e t w o r k  a r e  c a l c u l a t e d  i n  p o l y -
n o m i a l  f o r m .  T h e s e  a r e  p r i n t e d  a s  o u t p u t  d a t a .  T h e n ,  t h e  I B M  
s u p p l i e d  s u b r o u t i n e  P O L R T  i s  c a l l e d  t o  e v a l u a t e  t h e  p o l e s  a n d  z e r o s  
o f  t h e  t r a n s f e r  f u n c t i o n s .  T h e s e  r o o t s  a r e  u s e d  t o  d e t e r m i n e  t h e  
s e t  o f  t e s t  f r e q u e n c i e s  w h i c h  a r e  s t o r e d  i n  a r r a y  W C .  T h e  t r a n s f e r  
f u n c t i o n s  f o r  t h e  n o m i n a l  n e t w o r k  a r e  t h e n  e v a l u a t e d  a t  t h e  t e s t  
f r e q u e n c i e s .  T h e  t e s t  f r e q u e n c i e s  ( i n  H z )  a n d  t h e  c o r r e s p o n d i n g  
v a l u e s  o f  t h e  t r a n s f e r  f u n c t i o n s  ( i n  d B )  a r e  p r i n t e d  a s  o u t p u t  d a t a .  
T h e  c o m p u t a t i o n  i s  t h e n  r e t u r n e d  t o  M A I N .  
I n  M A I N  a  c o u n t e r ,  I A ,  i s  u p d a t e d  a n d  o n e  o f  t h e  n e t w o r k  
e l e m e n t s  i s  v a r i e d  i n  v a l u e .  T h e  t r e e - f i n d i n g  p o r t i o n s  o f  t h e  p r o g r a m  
a r e  a g a i n  r e p e a t e d  u n t i l  R E S U L T  i s  c a l l e d .  I n  R E S U L T  t h e  t r a n s f e r .  
f u n c t i o n s  f o r  t h e  m o d i f i e d  n e t w o r k  a r e  c a l c u l a t e d  i n  p o l y n o m i a l  f o r m .  
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T h e s e  a r e  e v a l u a t e d  a t  t h e  t e s t  f r e q u e n c i e s  a n d  s i g n a t u r e s  a s · s i : g . n e d  
b y  c o m p a r i n g  t h e s e  v a l u e s  w i t h  t h o s e  f o . r  t h e  n o . m i n a > l  n e t w o . r . k .  T n e -
f o l l o w i n g  i s  t h e n  p r i n t e d  a s  o . u t p u t :  t h e  e i e m e n t  v a r i e d ,  i t . s  d e . v i ' a - t i a n  
f r o m  t h e  n o m i n a l  v a l u e ,  a n d  t h e  a s s o c i a t e d ·  s i g n a t u r e s .  T h . i s  p:ru:.~ . 
c e . s s  i s  r e p e a t e d  f o r  e a c h  v a r i a t i o n  o f  a n  e l ' e m e n t .  
T h e  e l e m e n t s  w e r e  v a r i e d  n e e : r  t h e  e n d  o f  M A I N ,  a n d  o n L y  
o n e  e l e m e n t  w a s  v a r i e d  a t  a  t i m e .  B y  p l a . c i n g  n e s t e d  D O  l o :a : p s  a . f t e r -
s t a t e m e n t  n u m b e r  2 1 0  i n  M A I N ,  t h e ,  e l e m e n t s  c a n  b e  v a r i e d  i - n  w . n m t - ·  
e v e r  c o m b i n a t i · o n  i s  desired~ H o w e v e . r ,  t l i i s  w a < s  n o t  d o n e ·  d u :e  t o  
t h e  e x c e s s i v e  a m o u n t  o f  p · r i n t e d  o . u t p u t  a n d  c o m p u t i n g  t i m e ·  t h a t .  
w o u l d  h a v e  b e e n  r e q u i r e d .  
B  .  
E X A M P L E S  
T w o  e x a m p l e s  h a v e  b e e n  i n c l u d e d  t h a t  a r . e '  t y p i c a l  o f  t h e  r . e s u l ' t s . ,  
t h a t  h a v e  b e e n  o b t a i n: e d .  T h e s e  r e s u l t s  a r r e  g i v e n  i n  t h e  C O M P U T E R  
O U T  P U T  s e c t i o n .  
1 .  E x a m p l e  1  
T h e  n e t w o r k  u s e d  f o r  E x a m p l e  1  i s  s h o w n  i n  F i g u r e - 5  . .  
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I n  F i g u r e  5  t h e  n o m i n a l  e l e m e n t  v a l u e s  h a v e  b e e n  l a b e l l e d .  
T h e  e l e m e n t  n u m b e r  h a s  b e e n  g i v e n  i n  a  c i r c l e  b y  i t s  c o r r e s p o n d i n g  
e l e m e n t ,  a n d  t h e  n o d e  n u m b e r s  a r e  g i v e n  a s  r e q u i r e d  i n  [ 3 ] .  
2 .  E x a m p l e  2  
T h e  n e t w o r k  u s e d  f o r  E x a m p l e  2  i s  g i v e n  i n  F i g u r e  6 .  
T h e  s a m e  d i s c u s s i o n  g i v e n  i n  E x a m p l e  1  a p p l i e s  h e r e .  
v i  
V z  
~ 
F i g u r e  6  
T h e  r e s u l t s  o b t a i n e d  f r o m  t h e s e  e x a m p l e s  a n d  o t h e r s  h a v e  
b e e n  v e r y  e n c o u r a g i n g .  I t  c a n  b e  s e e n  f r o m  t h e  C O M P U T E R  O U T P U T  
s e c t i o n  t h a t  t h e  v a r i e d  e l e m e n t  c a n  b e  e a s i l y  i d e n t i f i e d .  
3 0  
I  ~ 
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V I .  C O N C L U S I O N S  
'  -
T h e  r e s u l t s  o b t a i n e d  f r o m  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  m e t h o d  
p r e s e n t e d  h e r e  s h o u l d  b e  o f  p r a c t i c a l  v a l u e  i n  a  m a i n t e n a n c e  p r o -
g r a m  ( e i t h e r  p r e v e n t i v e  o r  c o r r e c t i v e ) .  T h e  m e t h o d  o f  s e l e c t i n g  
t e s t  f r e q u e n c i e s  h a s  b e e n  s h o w n  t o  b e  a  s o u n d  o n e .  T h e  a s s i g n m e n t  
o f  s i g n a t u r e s  c a n  b e  m a d e  f l e x i b l e  t o  m e e t  v a r i o u s  r e q u i r e m e n t s  b y  
h a v i n g  a  f e w  i n t e r c h a n g e a b l e  s e t s  o f  s i g n a t u r e s  t o  b e  e n t e r e d  i n t o  
t h e  c o m p u t e r  p r o g r a m .  
T h e  c o m p u t e r  p r o g r a m  i s  n o t  p r a c t i c a l  i n  i t s  p r e s ·e n t  f o r m .  
I t  s h o u l d  b e  c h a n g e d  t o  g e n e r a t e  t h e  t r a n s f e r  f u n c t i o n s  i n  s y m b o l i c  
f o r m .  T h i s  i s  n e c e s s a r y  t o  i n s u r e  a  r e q . s o n a b l e  c o m p u t i n g  t i m e  
w h e n  t h e  l a r g e  n u m b e r  o f  c o m b i n a t i o n s  f e n  t h e  v a r i a t i o n s  a r e  c o n -
s i d e r e d ,  b e c a u s e  t h e  t r e e - f i n d i n g  p o r t i o n s  o f  t h e  p r o g r a m  c o u l d  
t h e n  b e  b y p a s s e d .  A l s o ,  m o d i f i c a t i o n s  n e e d  t o  b e  m a d e  t o  a l l o w  
f o r  t h e  i n c l u s i o n  o f  m u t u a l  i n d u c t a n c e s  a n d  a c t i v e  n e t w o r k  e . i . e m e n t s .  
T h e  o u t p u t  o f  t h e  p r o g r a m  w a s  l e f t  i n  a  s i m p l e  f o r m  b e c a u s e  
o f  t h e  v a r i e t y  o f  w a y s  i n  w h i c h  i t  c a n  b e  u s e d .  F o r  e x a m p l e ,  t h e  
s e t  o f  s i g n a t u r e s  ( w i t h  t h e  a s s o c i a t e d  e l e m e n t s )  c o u l d  b e  s o r t e d  
i n t o  s o m e  l o g i c a l  s e q u e n c e  t o  b e  p l a c e d  i n t o  a  t a b l e  t h a t  w o u l d  b e  
. . .  
u s e d  t o  l o o k  u p  f a u l t y  e l e m e n t s  f r o m  a c t u a l  m e a s u r e m e n t s  m a d e  o n  
a  c i r c u i t .  A l s o ,  b y  e x p a n d i n g  t h e  p r o g r a m  t o  a l l o w  t h e  m e a s u r e m e n t s  
m a d e  o n  a  c i r c u i t  t o  b e  u s e d  a s  i n p u t s ,  t h e  c o m p u t e r  c o u l d  c o m p a r e  
t h e s e  w i t h  i t s  c a l c u l a t e d  s e t  o f  s i g n a t u r e s  t o  p r o v i d e  o n l y  t h e  f a u l t y  
e l e m e n t s  a s  o u t p u t .  
3 1  
INPUT DATA 
NODES= 5 EDGES= 7 GROUND CONDITION= 1 
EDGE f\UMBER NODE NUMBERS ADMITTANCE POWER 
1 1' 4 7.0000 1 
2 2 4 9.0000 1 
3 1 4 1.0000 0 
4 2 4 2.0000 0 
5 4 5 3.0000 0 
\.;..) 6 3 5 5.0000 1 
N 
7 2 3 4.0000 0 
A MATRIX 
1 0 1 0 0 0 0 
0 1 0 1 0 0 1 
0 0 0 0 0 1 1 
1 1 1 1 1 0 0 
0 0 0 0 1 1 0 
VOLTAGE TRANSFER FUNCTIONS 
6.oos•• O+ 79.oos•• 1+304.oos•• 2+315.oos•• 3 
V2/Vl = --------------------------------------------------------------------------------42.005** 0+421.005** 1+759.005** 2+315.005** 3 
TEST FPEQUENCY (HZ) GAIN (08) 
0.203E-02 -0.169E 02 
0.203E-Ol -0.161E 02 
0.227E-Ol -0.159E 02 
0.354E-01 -O.l46E 02 
0.654E-Ol -O.ll4E 02 
0.955E-01 -0.896E 01 
w 0.101E 00 -0.858E 01 
w O.l82E 00 -0.483E 01 
0.262E 00 -0.299E 01 
0.524E 00 -0.964E 00 
6.oo5•* o+ 79.oos•• 1+304.005** 2+315.005** 3 
V1/V2 = ----------------------------------------------------------------~---------------6.005** 0+ 94.005** 1+409.005** 2+315.005** 3 
TEST FREQUENCY (HZ) GAIN (08) 
o.z07E-02 -0.270E-01 
c.2o1e-o1 -0.160E 01 
Oe227E-01 -0.178E 01 
o.354E-Ol -0.257~ 01 
0.654E-01 -0.293E 01 
o.955E-Ol -0.257E 01 
O.l63E 00 -0.160E 01 
0.326E 00 -0.5791: 00 
FAULT ISOLATION SIGNATURES FCR V2/V1 
ELEMENT DEVIATION SIGNATURES 
1 -0.9 0 2 3 5 8 g 9 9 9 9 
1 -0.7 0 2 3 4 7 8 8 8 7 5 
1 -o.5 0 2 2 4 5 5 5 5 4 2 
1 -0.3 0 1 1 2 3 3 3 3 2 1 
1 -0.1 0 0 0 0 1 1 1 0 0 0 
1 0.1 0 0 0 0 0 0 0 0 0 0 
1 0.3 0 1 1 2 2 2 2 1 1 0 
1 o.s 0 2 2 3 3 3 3 2 1 0 
1 0.7 0 3 3 4 4 4 4 3 2 0 
1 0.9 0 3 4 4 4 4 4 3 2 0 
1 1.1 0 4 4 4 5 4 4 4 2 1 1 1.3 0 4 4 5 5 5 5 4 3 1 
1 1.5 0 4 5 5 5 5 5 4 3 1 
2 -0.9 0 0 0 2 5 6 6 8 8 7 
2 -0.7 0 0 0 2 4 5 5 5 4 2 
2 -o.s 0 0 0 1 3 4 4 3 2 1 
2 -0.3 0 0 0 1 2 2 2 1 1 0 
2 -0.1 0 0 0 0 0 0 0 0 0 0 
2 0.1 0 0 0 0 0 0 0 0 0 0 w 2 0.3 0 0 0 1 1 1 1 0 0 0 ~ 2 0.5 0 0 1 1 2 2 1 1 0 0 
2 0.7 0 1 1 2 2 2 2 1 0 0 
2 0.9 0 1 1 2 3 2 2 1 1 0 
2 1.1 0 1 2 3 3 3 3 1 1 0 
2 1.3 0 2 2 3 4 3 3 1 1 0 
2 1.5 0 2 2 4 4 3 3 2 1 0 
3 -o. 9 9 3 2 0 0 0 0 0 0 0 
3 -0.7 8 3 2 0 0 0 0 0 0 0 3 -0.5 5 2 2 0 0 0 0 0 0 0 
3 -0.3 3 1 1 0 0 0 0 0 0 0 
':1 
-0.1 1 0 0 0 0 0 0 0 0 0 _. 3 0.1 0 0 0 0 0 0 0 0 0 c 
3 0.3 2 1 1 0 0 0 0 0 0 0 3 0.5 3 2 2 1 0 0 0 0 0 0 
3 0.7 4 3 3 2 0 0 0 0 0 0 3 0.9 4 4 3 2 0 0 0 0 0 0 3 1. 1 5 4 4 3 1 0 0 0 0 0 
3 1.3 5 4 4 3 1 0 0 0 0 0 
3 1.5 5 5 4 4 1 0 0 0 0 0 
ELE~ENT DEVIATION SIGNATURES 
4 -0.9 9 4 3 1 d 0 0 0 0 0 4 
-0.7 6 4 3 1 0 0 0 0 0 0 4 -0.5 4 3 2 . 1 0 0 0 0 0 0 4 -0.3 2 1 1 0 0 0 0 0 0 0 
4 -0.1 0 0 0 0 0 0 0 0 0 0 4 0.1 0 0 0 0 0 0 0 0 0 0 4 0.3 1 1 1 0 0 0 0 0 0 0 4 0.5 1 2 2 1 0 0 0 0 0 0 4 0.7 2 2 2 2 0 0 0 0 0 0 4 0.9 2 3 3 2 0 0 0 0 0 0 4 1.1 2 3 3 3 1 0 ~ 0 0 0 4 1.3 3 3 3 3 1 0 0 0 0 4 1. 5 3 4 4 3 1 0 0 0 0 
5 -0.9 0 0 1 2 4 4 4 3 2 0 5 -0.7 0 0 0 1 2 3 3 2 1 0 5 -0.5 0 0 0 0 1 1 1 1 1 0 5 -0.3 0 0 0 0 0 0 1 1 0 0 5 -0.1 0 0 0 0 0 0 0 0 0 0 5 0.1 0 0 0 0 0 0 0 0 0 0 5 0.3 0 0 0 0 0 0 0 0 0 0 5 0.5 0 0 0 0 0 0 0 1 1 0 
l.).l 5 0.7 b 0 0 0 0 0 1 1 1 0 
\)1 5 0.9 0 0 0 0 0 1 1 2 2 1 5 1.1 g 0 0 0 0 1 1 2 2 1 5 1.3 0 0 0 0 1 1 2 2 1 5 1. 5 0 0 0 0 0 1 1 2 3 2 6 -0.9 0 2 2 3 4 4 4 2 1 0 6 -0.7 0 1 2 2 3 2 2 1 0 0 6 -Q.5 0 1 1 2 2 1 1 0 8 0 6 -0•3 0 8 0 1 1 0 0 0 0 6 -0•1 g 0 (j 0 0 0 0 0 Q 6 O~tl 0 0 0 Q 0 0 0 0 0 
6 d.3 0 0 0 1 0 0 0 0 0 0 
6 (). 5, 0 l 1 1 1 0 ~ 0 0 0 6 o .. 1 d t 2 l 0. 0 g g 0 6 0.9 0 2 ~ 2 0 0 0 6 1.1 0 2 3 1 0 0 (;) 0 0 6 1.3 0 3 3 3 1 0 0 0 0 0 6 1.5 0 j 4 ij A 0 0 0 . 0 ~ 7 -o.9 9 ~ 9 7 7 4 3 7 -0.1 a 8 8 7 6 5 4 3 1 7, "-0e5 6 ~ 6 6 5 4 1 l 2 0 7 -0·3 4 If 4 l f 3 2 1 0 7 -0.1 1 1 1 1 1 0 g 0 7 0.1 1 t 1 1 1 ~ ~ 0 0 7 th3 3 3 3 j 3 2 1 0 7 Q.S, 5 4 4 ~ 4 ~ 4 3 2 1 7 Oi7 Q 5 5 5 
' 
5 5 ~ 3 l 7 0.9 · 6 6 ~ 6 5 5 '+ 4 e 1 le1 1 ~ ~ t 6 ~ 5 4 2 1 1.3 a 8 1 6 5 ~ 7 1e 5 8 a 8 8 8 7 6 5 
FAULT ISOLATIO~ SIG~ATURES FOR Vl/V2 
ELEMENT DEVIATICN SIGNATURES 
1 -0.9 0 0 0 0 0 0 0 0 
1 -0.7 0 0 0 0 0 0 0 0 1 -0.5 0 0 0 0 0 0 0 0 
1 -0.3 0 0 0 0 0 0 0 0 
1 -0.1 0 0 0 0 0 0 0 0 1 0.1 0 0 0 0 0 0 0 0 
1 0.3 0 0 0 0 0 0 0 0 
1 o.s 0 0 0 0 0 0 0 0 
1 0.7 0 0 0 0 I) 0 0 0 
1 0.9 0 0 0 0 0 0 0 0 
1 1. 1 0 0 0 0 0 0 0 0 
1 1.3 0 0 0 0 0 0 0 0 
1 1.5 0 0 0 0 0 0 0 0 2 -0.9 0 1 1 0 3 5 7 7 2 -0.7 0 0 0 0 3 4 5 4 
2 -o.s 0 0 0 0 2 3 3 1 2 -0.3 0 0 0 0 1 1 1 0 
2 -0.1 0 0 0 0 0 0 0 0 
LV 2 0.1 0 0 0 0 0 0 0 0 
0' 2 0.3 0 0 0 0 1 1 0 0 2 0.5 0 0 0 0 1 1 1 0 2 0.7 0 0 0 1 2 2 1 0 2 0.9 0 0 0 1 2 2 1 0 
2 1. 1 0 0 0 1 2 2 1 0 
2 1.3 0 0 0 1 2 2 1 0 
2 1.5 0 0 0 2 3 3 2 0 
3 -0.9 0 0 0 0 0 0 0 0 3 -0.7 0 0 0 0 0 0 0 0 3 -0.5 0 0 0 0 0 0 0 0 
3 -0.3 0 0 0 0 0 0 0 0 
3 - 0.1 0 0 0 0 0 0 0 0 
3 0.1 0 0 0 0 0 0 0 0 3 o.3 0 0 0 0 0 0 0 0 3 0.5 0 0 0 0 0 0 0 0 3 0.7 0 0 0 0 0 0 0 0 3 0.9 0 0 0 0 0 0 0 0 3 1.1 0 0 0 0 0 0 0 0 3 1.3 0 0 0 0 0 0 0 . 0 3 1.5 0 0 0 0 0 0 0 0 
ELEMENT DEVIATICN SIGNATURES 
4 -0.9 2 4 3 1 0 0 0 0 4 -0.7 0 3 3 1 0 0 0 0 4 -o.5 0 2 2 1 0 0 0 0 4 -0.3 0 1 1 0 0 0 0 0 4 
-0.1 0 0 0 0 0 0 0 0 
4 0.1 0 0 0 0 0 0 0 0 
4 0.3 0 0 0 0 0 0 0 0 
4 0.5 0 1 1 1 0 0 0 0 4 0.7 0 1 1 1 0 0 0 0 
4 0.9 0 l 1 2 1 0 0 0 4 l. 1 0 1 2 2 1 0 0 0 
4 1.3 0 2 2 2 1 0 0 0 
4 1.5 0 2 2 2 1 0 0 0 5 -0.9 0 1 l 3 4 4 3 1 5 -0.7 0 0 0 1 3 3 2 0 5 -0.5 0 0 0 0 1 2 1 0 5 -0.3 0 0 0 0 0 1 1 0 5 -0.1 0 0 0 0 0 0 0 0 5 0.1 0 0 0 0 0 0 0 0 5 0.3 0 0 0 0 0 0 0 0 
5 0.5 0 0 0 0 0 1 1 0 5 0. 7 0 0 0 0 0 1 1 1 I.J.,) 5 0.9 0 0 0 0 0 1 2 1 -..J ~ 1.1 0 0 0 0 0 1 2 1 .... ~ 1.3 0 0 0 0 0 1 2 2 -" 
5 1.5 0 0 0 0 0 1 2 2 
6 -0.9 0 2 3 4 4 4 2 0 6 -0.7 0 2 2 3 3 2 0 0 
6 -o.5 0 1 1 2 2 1 0 0 
6 -0.3 0 1 1 1 1 0 0 0 
6 -0.1 0 0 0 0 0 0 0 0 
6 0.1 0 0 0 0 0 0 0 0 
6 0.3 0 1 1 1 0 0 0 0 6 0.5 0 1 1 1 1 0 0 0 
6 0.7 0 2 2 2 1 0 0 0 
6 0.9 0 2 3 3 1 0 0 0 
6 1.1 0 3 3 3 1 0 0 0 
6 1. 3 0 4 4 3 1 0 0 0 
6 1. 5 0 4 4 4 1 0 0 0 
7 -0.9 0 0 0 0 0 0 0 0 
7 -0.7 0 0 0 0 0 0 0 0 
7 -0.5 0 0 0 0 0 0 0 0 
7 -0.3 0 0 0 0 0 0 0 0 
7 -0.1 0 0 0 0 0 0 0 0 7 0.1 0 0 0 0 0 0 0 0 
7 0.3 0 0 0 0 0 0 0 0 
7 0.5 0 0 0 0 0 0 0 0 
7 0. 7 0 0 0 0 0 0 0 0 
7 0.9 0 0 0 0 0 0 0 0 
7 1.1 0 0 0 0 0 0 0 0 
7 1.3 0 0 0 0 0 0 0 0 
7 1.5 0 0 0 0 0 0 0 0 
TIME= 30.31 SEC 
INPUT DATA 
NODES= 4 EDGES = 5 GROUND CONDITION= 2 
EDGE NU MBER NODE NU~BERS ADM ITTA NCE PCWER 
1 1 2 1 . 0000 1 
2 1 4 1. 0000 0 
3 2 3 2 .0000 - 1 
4 3 4 1.0000 0 
w 
00 
5 2 4 1.0000 1 
A MAT RIX 
1 1 c 0 0 
1 0 1 0 1 
0 0 1 1 0 




VOLTAGE TRANSFER FU~CTIONS 
-2.oos•• o+ 1.oos•• 2 
V2/V1 = --------------------------------------------------------------------------------4.005** o+ 2.oos•• 1+ 4.oos•• 2+ 1.oos•• 3 













-2.oos•• O+ 1.oos•• 2 
Vl/V2 = --------------------------------------------------------------------------------2.oos•• o+ 3.oos•• 1+ 1.oos•• 2 
TEST FREQUENCY (HZ) GAIN (DB) 
O.l59E-Ol -0.107E-Ol 
O.l59E 00 -0.458E 00 
0.225E 00 -0.512E 00 
0.318E 00 -0.458E 00 
0.637E 00 -0.209E 00 
FAULT ISOLATION SIGNATURES FOR V2/V1 
ELEMENT DEVIATICN SIGNATURES 
1 -0.9 0 9 2 5 7 8 
1 -0.1 0 9 2 2 3 3 
l -0.5 0 8 3 0 1 1 
1 -0.3 0 5 2 0 0 0 
1 -0.1 0 1 0 0 0 0 
1 0.1 0 0 0 0 0 0 
1 0.3 0 0 2 0 0 0 
1 0.5 0 2 3 0 0 0 
1 0.1 0 5 4 0 0 0 
1 0.9 0 6 4 0 0 0 
1 1.1 0 7 5 0 0 0 
1 1.3 0 8 5 0 0 0 
1 1.5 0 8 5 0 0 0 
2 -0.9 9 8 0 2 2 0 
2 -0.1 8 7 0 2 1 0 
2 -0.5 5 5 0 1 1 . 0 
2 -0.3 3 3 0 0 0 0 
>!:>- 2 -0.1 0 1 0 
0 0 0 
0 2 o.1 0 1 0 0 0 0 2 0.3 2 2 0 0 0 0 
2 o.s 3 4 0 1 1 0 
2 0.1 3 5 0 l 1 1 
2 0.9 4 5 0 2 2 1 
2 1.1 4 6 0 2 2 1 
2 1.3 4 6 0 2 3 2 
2 1.5 5 1 0 3 3 2 
3 -0.9 2 9 9 5 3 1 
3 -0.7 0 9 9 4 2 0 
3 -o.s 0 9 8 4 2 0 
3 -0.3 0 1 5 2 1 0 
3 -0.1 0 1 2 0 0 0 
3 o.1 0 1 2 0 0 0 
3 0.3 0 5 5 2 1 0 
3 0.5 0 7 8 4 2 0 
3 0.7 0 8 8 4 2 0 
3 0.9 0 9 8 5 3 1 
3 1.1 0 9 7 6 4 1 
3 1.3 0 9 6 7 4 1 
3 1.5 0 9 5 8 5 1 
.. 
._ 
ELEMENT DEVIATION SIGNATURES 
4 -0.9 7 5 0 8 9 9 
4 · -o. 1 5 4 0 6 8 9 
4 -0.5 4 3 0 4 5 7 
4 -0.3 2 1 0 2 3 4 
4 -0.1 0 0 0 0 1 1 
4 0.1 0 0 0 0 0 1 
4 0.3 2 1 0 1 2 3 
4 0.5 3 2 0 2 3 4 
4 0.7 4 3 0 3 4 5 
4 0.9 5 4 0 3 4 6 
4 1.1 5 4 0 4 5 7 
4 1.3 6 4 0 4 5 7 
4 1.5 6 5 0 4 5 8 
5 -0.9 0 6 9 8 9 9 
5 -0.7 0 4 9 7 7 8 
5 -0.5 0 1 8 5 5 6 
5 -0.3 0 4 5 3 4 4 
5 -0.1 0 2 1 1 1 1 
~ 5 0.1 0 2 1 1 1 1 
..... 5 0.3 0 5 4 3 3 4 
5 0.5 0 7 5 · 4 4 5 
5 0.7 0 8 6 5 5 6 
5 0.9 0 9 7 6 6 7 
5 1.1 0 9 8 6 7 7 
5 1.3 0 9 8 7 7 8 
5 1. 5 0 9 8 8 8 8 
FAULT ISOLATION SIG~ATURES FOR V1/V2 
ELEMENT DEVIATION SIGNATURES 
1 -0.9 0 0 1 2 4 
1 -0.7 0 0 0 0 0 
1 -0.5 0 0 1 0 0 
1 -0.3 0 0 0 0 0 
1 -0.1 0 0 0 0 0 
1 0.1 0 0 0 0 0 
1 0.3 0 0 0 0 0 
1 0.5 0 1 1 1 0 
1 0.7 0 2 1 1 0 
1 0.9 0 2 2 1 0 
1 1.1 0 3 2 1 0 
1 1.3 0 3 3 2 0 
1 1.5 0 4 3 2 0 
2 -0.9 4 6 5 4 1 
2 -0.7 0 4 4 2 0 
2 -0.5 0 2 2 1 0 
2 -0.3 0 1 1 0 0 
2 -0.1 0 0 0 0 0 
.!:>- 2 0.1 0 0 0 0 0 
N 2 0.3 0 0 0 0 0 
2 0.5 0 0 0 0 0 
2 0.7 0 0 0 0 0 
2 0.9 0 0 1 0 0 
2 1.1 0 0 1 0 0 
2 1.3 0 0 0 0 0 
2 1.5 0 0 0 0 0 
3 -0.9 1 2 1 0 0 
3 -0.7 0 0 0 0 0 
3 -0.5 0 0 1 0 0 
3 -0.3 0 0 0 0 0 
3 - 0 .1 0 0 0 0 0 
3 0 .1 0 0 0 0 0 
3 0.3 0 0 0 0 0 
3 0.5 0 1 1 1 0 
3 0.7 0 1 1 2 1 
3 0.9 0 1 2 2 1 
3 1.1 0 1 2 3 2 
3 1.3 0 2 3 3 3 
3 1.5 0 2 3 4 3 
"-
.. 
ELEMENT DEVIATION SIGNATURES 
4 
-0.9 0 4 5 6 8 4 
-0.7 0 2 4 4 4 4 -0.5 0 1 2 2 2 4 
-0.3 0 0 1 1 0 4 
-0.1 0 0 0 0 0 4 0.1 0 0 0 0 0 4 0.3 0 0 0 0 0 4 0.5 0 0 0 0 0 4 0.7 0 0 0 0 0 4 0.9 0 0 1 0 0 4 1.1 0 0 1 0 0 4 1.3 0 0 0 0 0 4 1.5 0 0 0 0 0 5 -0.9 0 0 0 0 0 5 -0.7 0 0 0 0 0 5 -0.5 0 0 0 0 0 5 -0.3 0 0 0 0 0 ~ 5 -0.1 0 0 0 0 0 lJ..) 5 0.1 0 0 0 0 0 5 0.3 0 0 0 0 0 5 0.5 0 0 0 0 Q 5 0.7 0 0 0 0 0 5 0.9 0 0 0 0 0 5 1.1 0 0 0 0 0 5 1.3 0 0 0 0 0 5 1. 5 0 0 0 0 0 




D I ME N S I 0 N K A M ( 1 2 , 2 () ) , I S { 2 1) ) , Y { 2 0 ) , W ( 2 C ) , A ( 1 2 , 2 0 ) , W V ( '3 , 2 0 ) , I S fl ( 2 0 ) , 
1 ISNC20),LINEC1 00 ),DENC20), 0 NU(20),TITLE(2, 8 l,~AME(6,10),Y~ (20) 
2 ,PCV(l5 0 ) ,IE< 150) 
C 0 M MO N I TF ( 2 ) , J S I G ( 2 , 15 0 , 2 c; ) , NT R ': f ( 90 0 , 2 0 ) 
2~0 F~RMAT(/ 5X,6H TIM E=,F6 .2,4H SFC) 
READ (5,49) BL ANK,PLUS,OASH 
4 9 FORMAT 3!.1) 
DO 45 J=l 100 
45 LINE C J) =DA SH 
READ (~{54) ((T!Tlf(I,JJ,J=1,8),I=l,2) 
54 FORMt> T l6A l) 
R E AD ( 5f5 ~ ) ( ( NA ME ( I , J ) , J = 1 , 1 0 ) , I = 1 , 6 ) 
55 FORMAT 60All 





READ (5,50) NI,III!P.,IGR,IPfJRT 
50 F 0 R Mt> T ( 4 I 1 0 ) 
IF (NI.EC.O) GO TO 1111 
PRINT 59 
59 FORMAT (1H1,1 0 X, 1 INPUT DATA'////) 
PRINT 7,NI,~B,IGR 
ITER~=2*NI-1 
7 FORMAT (/1 0 X, 1 NODE S =',!2,5X,'EOG':S =',I2,5X,'GPOUNO=',I2/I/,1 0 X, 
1 1 EDGF NU~B E R 1 ,5X, 1 NOOE NUMBERS 1 ,~X, 1 AD~ITTANCE 1 ,5X, 1 POWER'I) 
DO 60 I=l,NI 
DO 60 J=l, MB 
60 ACI,JJ=O 
JS=l 
DO 61 J=l,MR 
READ (5,51) LE,NX,NY,YCLE),J S (LEJ 
~1 FORMAT (110,213,F10.4,I5) 
PRINT 6 LE, NX,NY,Y(Lf ),I SCLE ) 
t FORMAT l6X,Il0,10X,2I6,2X,Fl2.4,6X, 14) 
A ( NX, LE) =1 
A (NY, LE) =1 
YA.(J)=Y(J) 
IF (! S(LE)) 62,61,61 
62 JS=JS+1 
~1 CONTINUE 
100 FORMAT (//lOX, 1 A ~AT R IX 1 /) 
WRITE (6 ,100) 
DO 101 I=1,NI 
101 WRITEC6,102) (A(J,J),J=1,MB) 







IF (IGR.EQ.l) GO TO 205 
N3=3 
N4=4 




230 DO 20 L=l,~F 
GO TO (12,13,14,15,16,l7),L 
12 ll=N1 
I 2=N3 CALL MODNET (f1,I2,A,NI,MB,K~M,N) 
GO TO 200 
13 I l=N2 
! 2=N4 CALL MODNET (Jl,I2,A,NI,MB,KAM,Nl 
GO TO 200 
14 T l=Nl 
I2=N2 CALL MODNET(Jl,T2,~,NI,MB,K4M,Nl 
GO TO 200 
15 !l=N3 
I2=N4 
IF (ll.E0.!2) GO TO 42 
CALL ~ODNET (ll,I2,A,N!,MB,K~M,Nl 
c;o TO 200 
~2 N=l 
00 72 I=l,ITERM 
72 WV(L,l)=O.O 
GO TO 20 
16 I l=N1 
I2=N4 CALL MODNET(I1,I2,A,NT,MB,KAM,Nl 




GO TO 200 
200 CONTINUE C4LL TREE (N,MB,K~M,I S ,JS,Y,NI,W) 
DO 66 1=1 ITER.M 
66 WV(Lfl)=Wli) 
20 CONT NUE 
IF (ltd 68,69,68 




68 DO 86 I=l,JTERM 
P N IJ ( I ) = 0 • 5 * ( W V ( 5 , t ) + W V ( 6 , I ) - \•IV (3 , I ) -W V ( 4 , I ) ) 
86 DENCI)=WV(l,J) 
LK=l 
C .~ ll RESIJLT(DEN, PNII,NT ,LIN E, IS N, I SO ,LK,T!TLE, F\LANK,DLIJ S, !" ,JA ,C) 
DO 87 1=1 ! TERM 
P N 1J ( I ) = 0 • S * ( W V ( 5 , I J + W V ( 6 , I ) - W V ( 3 , I ) -W V ( 4 , T ) ) 
87 DEN(Il=WV(2,I) 
LK=2 CALL RESIJLT( DEN ,PNU,Nt,LINE,ISN,I SD ,LK,TI TLE,RLANK,PLIJS,IA,JA,C) 
IA=IA+1 
GO Tf' 300 
302 C=-1.1 










IF (C.GT.l.5) GO TO 301 
Y(JA)=YA(JAJ+C*Y A(JA) 
PC v C I .A) =C 
IE(IAl=JA 
GO TO 230 
Y(JA)=YA(J ~ ) 
JA=JA+l 
IF (JA.GT.MB) GO TO 700 
GO TO 302 
IA=I A-1 
DO 701 J=l,2 
WRITE (6,702) (TITLE(J,L),L=1,5) 
FORM AT (lHl,lOX,'FAIJL T I SO LATI ON SIGNATU RES FOR •,SAl///) 
WRITE (6,7 05) 
FORM~T (10X, 1 ELEM ENT',5X, 1 DEVI ATION',l 0X,' S !GNATURES'//) 
~=ITFfJ) 
DO 703 L=1, I A. WRITE ( 6 , 7 04) IE ( l) , PC V ( L) , ( IS I G ( J, L, K ) , K = 1, M ) 
FORMAT (13X,!2,10X,F5 .1,10X,25l3) 
CONTI NUE 
TJME=ITIME(0)*.01-CL OC K 
WR!TE(6,2 50 J TIME 






SUBROUTINE MODNET (Il,I2,A,NI,MB,KAM,N) 
INTEGER A 
OI~ENSION ~(l2,20),KAM(l2,20l 
DO 4 I =1,NI 
00 4 J =1 MB 
4 KA M ( I , J l =A ( I , J) 
00 3 J=l, MB 
KAM(Il,J)=A(I1,J)+A(l2,J) 
KAMCI2,J)=~(NI,J) 
IF CKAM(Il,J).LE.ll GO TO 3 






SUBROUTINE TREE (N MB,KA.M IS,JS,Y,NI W) 
DIMENSION KEY (12) 'KS (12 '20) 'KAM (12' 20 ) 'L TM p ( 12, 20)' CON TU 12,' 
1 IS(20),W(20),Y(20l,KA(12,12,20) 
C 0 M M 0 N I T F ( 2 ) , I S I G ( 2 , 1 50 , 2 5 ) , NT R E E ( 90 0 , 2 0 ) 
ITERM=2*NI-l 




DO 5q I=1,NV 
DO 59 J=1,MB 
59 KA ( 1 , I , J) = KA M (l + 1 , J) 












NXll=N-11 CONTL( 1} =1. 0 





IF (CONTL(M).~O. O . O ) GO TO 300 
CALL NPART(M,M B,KEY,KS,K A,LTMP,C ONTL,NX) 
IF (NX2. E0.0) GO TO 190 
IF (CONTL(M+1).EQ. O. O ) GO TO 30 0 
DO 99 I 2=1 ,NX2 
NX=NX2 
M=2 
IF (CONTL(M).EQ.O.O) GO TO 10 0 
CALL NPARTCM,MB,KEY,KS,KA,LTMP, CO NTL,NX) 
IF CNX3.EQ.O) GO TO 190 
IF CCONTL(M+1).EO.O.O) GO TO 100 
DO 98 13=1,NX3 
NX=NX3 
M=3 
IF (CONTLC M). EO . O. O) GO TO 99 
CALL NPART(M,MB,KEY,KS,KA,LTMP, CONTL,N X) 
IF (NX4 .EQ.O) GO TO 190 
IF (C ONTLC M+l). EO.O . O ) GO TO 99 
DO 97 14=l,NX4 
NX=NX4 
M=4 
IF CCONTL(M).EQ. O. O} GO TO 9 8 
CALL NPART(M,M8,KEY,KS,K A,LTMP,CONTL,NX) 
IF (NX5. ~ 0.0) GO TO 190 
IF (CONTUM+U.EO. O. O ) GO TO 98 
DO 96 15 =l, NX5 
NX=NXS 
M=5 
IF (C ONTL(M).EQ. O. O} GO TO 97 
CALL NPARTCM,MB,KEY,KS,K~,LTMP,CONTL,NX) 
IF (NX6. EQ.O) GO TO 190 
IF CCONTUM+U.E O. O. O ) GO TIJ en 
DO 95 I 6 =1 , NX6 
NX=NX6 
M=6 
IF (C ON TLCM). EQ . O.O} GO TO 96 
CALL NPART( M , MB , KEY , KS,K~,LTMP,CONTL, NX) 
IF (NX7. EO .O) GO TO 190 
IF (CONTL(M+l).E C. O. O) GO TO 96 
00 94 17 =1 ,NX7 
M=7 
IF (CQNTL(M}. EO.O. O} GO TO 95 
NX=NX7 
CALL NP ~ RT(M,MA ,KEY,KS,KA ,LTMP,CONTL,NX) 
IF (NXB. EC . Ol GO TO 190 
IF (CONTL(M+1l.EQ.O. O) GO TO 95 



















IF (CONTL(M).EQ.O.OJ GO TO 'l4 
CALL NPART(M,MB 1 KEY,KS,KA,LTMP,CONTL,NX) IF (NX9.EO.O) GO TO 190 
IF (CONTL(M+1).EQ.O.O) GO TO 9~ 
DO 92 !9 =l,NX9 
NX=NX9 
M=9 IF (CONTL(M).EQ.O.O) GO TO 93 CALL NPART(M,MB,KEY,KS,KA,LTMP,CONTL,NX) 
JF(NX10.EQ.O) GO TO 190 
IF (CONTL(M+l).EQ.O.O) GO TO 93 
DO 91 IlO=l,NXlO 
NX=NXlO 
M=lO IF (CONTL(M).EQ.O.O) GO TO 92 CALL NPART(M,MB,KEY,KS,K A,LTMP,CONTL,NX) 
tF(NXll.EQ.O) GO TO 190 
I F ( C 0 NT L( M+ 1) • E Q. 0 • 0 ) G 0 T 0 q 2 
DO 90 Ill=l,NXll 
NX=NXll 
M=ll IF (CONTL(M).EQ.O.O) GO TO 91 CALL NPART(M,MB,KEY,KS,KA,LTMP,CONTL,NX) 
CONTINUE · 
NTR=l 
DO 105 I=l,NV 
NTR=NTR*KEY(!) CALL XTREE(KEY,NTR,NV,MB,LTMP) 
DO 206 l=l,NTR 
V=l.O 
JJ=O 
DO 205 J=l p.IB 


















<;6 C 0~ T! NUE 
en CONTINUE 
93 COt-;TINUF 
c; <; C 0 ~ T I N UE 
1 C 0 C 0 ~ T I N UE 
30C C ONTJ NUE 
RE1'URN 
END 
SUBROUTINE NPARTIM,MB,KEY,KS,K A,LTMP,CONTL,NX) 
DIMENSION KEYI12),KS(12,20),KAI12,12,20),LT~P(12,20), 







IF (KS(~,J).EQ.O) GO TO 2 
GO TO 9 
2 CONTINUE 
9 DO 3 I =1, NX 
I K-=I 
IF(KA(M,I,K).EO.O)GO TO 3 
GO TO 15 
3 CONTINUE 









72 CONT! NUE 
DO 12 J=1,MB 




DO 66 I=l,K 
DO 66 J=l,MB 










DIMENSION LT~P(l2,20) KEY(l2) 
COMMON ITF(2) ,ISIG(2,iS0,25),NTREE(900,20) 
DO 20 I=1,NTR 
DO 20 J=1,MB 
20 NTREE(I,Jl=O 
MP=1 




00 26 J=l,MB 
IF(LTMP(I,J)-1)26,30,26 
30 DO 28 IM=M,~TR,MS 
DO 2 8 I J=1 , ~Q 






SUBROUTINE RESULTCOEN,PNU,NI,LINE,ISN,ISO,LK,TITLE,BLANK,PLUS, IA, 
1 J~ ,c) 
DIMENSION DEN(20),PNU(20),LINF(l00),ISN(20),1S0(20),TITLE(2,8), 
1 PSIGN(20),QSIGN(20),PPNU(20),PNUR(20),PNUI(20),00ENf20), 
2 OENR(20) ,OENI(20),COF(20),WA(25),WB(2,25),8(20),H(2,25),HA(25), 
3 WC(2,25) COMMON ITF(2l,ISIGC2,150,25),NTREE(900 ,20) 
I TERM=2*NI -1 
DO 19 J=1 ,20 
PPNU(J)=O.O 
19 DDEN(J)=O.O 
28 DO 29 J=1,ITERM 
IF (ABS(PNU(J)).GE.lOOO.) GO TO 30 





GO TO 32 
30 08 31 J=1,!1ERM 
PNU(J)=PNU(J)/2. 
DEN(J)=OEN(J)l2. 
31 CONTI NUf 




















DO 33 J =1 !TERM 
TF<ABS(OENfJll.LT.ESP) GO TO 3 4 
K=K+l 
DEN(Kl=DEN(J) 
I SD (K)=J 
IF (K.EO.U GO TO 11 
IF (OEN(K)) 11,12,12 
QSIGN(K)=BL~NK 
GO TO 34 
OS!GN(K)=PLU S 




IF (J.fQ.U GC T O 18 
IF (FNU(t)) 18,17,17 
PSIGN(I)=BLANK 
GO TO 33 
PSIGN(tl=PLU S 
CONTINUE 
IF <I SO(l)-T SN(l)) 20 ,20 ,21 
M= I SD ( 1) 
GO TO 25 
M:JSN(1) 
DO 36 J =1 K 
t SO(J) =I SD fJl -M 
00 37 J=1 d 
I SN ( ,1) =I SN( J) - M 
IF (l A) 200 ,38 2 0 0 
p R I N T 7 2 ' ( ( p s T G N ( J ) ' p NU ( J ) ' I s N ( J ) ) ' J = 1 ' I ) P ~ INT 73,( T! TLE(LK,J) ,J=1, 8 ),(LIN E( Ml,M=l,l00 ) 
PRIN T 74,( (Q SIGN(J) ,OEN(J) ,T SDfJ) ),J=1,K) 
F ORMAT(//2 0 X,l 0 ( A1,F6.2,' S**' ! 2)) 
F O RM~ T (10X,l20Al) 
FORMA1(2 0 X,l 0 ( Al,F6.2,'S**'l2l} 




















DO 302 J=1,K 
l=ISD(J)+1 
DDEN(U=DEN(J) CALL POLRT(PPNU,COF,II,PNUR,PNUI,IERN) 
C~LL POLRT(DDEN,C OF,KK,DENR,OENI,IERO) 
DO 501 J=l II WA(J)=SQRTlPNUR(Jl**2+PNUl(Jl**2) 
DO 502 J=1,KK 
WA(J+IIl=SQRT (DENR(J l **2 +DEN I (J)**2l 
tr=II+KK 
KK=Il-1 
DO 601 J=l,II 
DO 602 ~=1,KK 






tF (WA(1).~Q.O.Ol GO TO 803 
DO 801 J=l ,KK 




DO 802 J=1, II 
IF (WA(J).EQ.O.O) GO TO 802 
L=L+1 WB ( L K , U =WA. ( J l 
CONTINUE 
GO TO 806 
WB(LK,1l=O.O 
DO 804 J=l,KK 




DO 805 J=l II 
IF (WA(J).EQ.O.Ol GO TO 805 
L=L+l . 
















00 101 J=1,JT 
IF (WB(LK,J).EC. O.O) GO TO 101 
I~ (WB(LK,J+1)/W~(LK,J).LE.2.0) ~0 T8 101 
IF (WB(LK,J+l)/W~(LK,J).L E .10. 0 ) GO TQ 102 











WB ( l K, l + M) = W B ( l K , J + 1 ) I 2. 0 
GO TO 101 
M=M+1 








DQ 104 Kl<=l,L 
no 105 J=1,p.~ 





C ONTT NUE 
M=C 
KK=L-1 
OC 106 J=l,KK 
IF (WB(LK,J).EQ. O.O) GO TO 10 6 














DO 220 M=l,L 
XR.=O.O 
XI =0. 0 
YR=O.O 
Yl =0. 0 
• 
00 230 J=l,I 
B(J)=PNUCJl*WC(LK,Ml**ISN(J) 
IF CISN(J).EO.Ol GO TO 4 
N=ISNCJ) GO TO (1,2,3,4,1,2,3,4,1,2,3,4,1,2,3,4,1,2,31,N 
1 XI=XI+B(J) 
GO TO 230 
2 XR=XR-B { Jl 
GO TO 230 
3 XI=XI-B(J) 
GO TO 230 
4 XR=XR+B ( Jl 
230 CONTINUE 
DO 240 J=l K 
B(J)=OENCJJ*WCCLK,Ml**TSD(J) 
IF (ISO(J).EQ.O) GO TO 8 
N= I SO ( J l GO TO C5,6,7,8,S,6,7,8,5,6,7,8,5,6,7,R,5, 6 ,7),N 
5 YI=Yl+B( J) 
GO TO 240 
6 Y R = YR- B ( J l 
GO TO 240 
7 YI=YI-B( Jl 
GO TO 240 
8 YR = YR + B ( J ) 
240 CONTINUE I~ CIAl 221 1222,221 221 HACMl=20.0*Al0Gl0(SQRTCXR**2+XI**2)/S QRT(YR**2+YI**2ll 
GO TO 220 222 HCLK,Ml=20.0*ALOG1 0 (SQRT(XR**2+XI**2)/ S QRT(YR**2+YI**2)) 
220 CO~TI NUE 
IF CIA.EO. Ol GO TO 27 0 
DO 40 J=l ~ 
HA(Jl=ABSIHCLK,Jl-HACJ)) 
IF (HA(J).LT.0.5) GO TO 41 
IF {HACJ).LT.l.O) GO TO 42 
IF (HA(J).LT.l.~) GO TO 43 
IF (HACJ).LT.2.0l GO TO 44 
IF (HA(J).LT.3.0) GO TO 45 
IF (HA(J).LT.4.0l GO TO 4 6 
IF (HA(J).LT.5.0l GO TO 4 7 
IF (HA(J).LT.6.0) GO TO 4 8 




















I ~IG(Lt< ,T ft , J ) =9 
GO TO 4C 
I SIG ( LK , JA , J ) =8 
GO TO 4 0 
I S I G ( L K , I fl , J) =7 
GO TO 40 
I S I G ( l K , I A , J ) =6 
GO TO 4 0 
ISIG CL I< ,I A,J) =5 
GO TO 40 
I S I G ( L K , I A , J ) =4 
GO TO 40 
ISJG(LK,IA,J)=3 
GO TO 40 
I S I G ( ll<, I A , J) =2 
GO TO 40 
ISJG(Lt<,H,J)=l 
GO TO 40 
I S I G ( l K , I A , J ) =0 
CONTINUE 
GO TO 299 
DO 271 J=l , ~ 
WC(LK(J)=WC(LI<,J)/6.28318 
WRITE 6,250) 
FORMAT(/10X, 1 TEST FR E QUENCY (Hl)',lOX,'GAIN (08)'//) 
PRINT 260 , ( (WC(LK,J) , H(LK,J) ) ,J=l,M) 
FORMAT (14X,El0.3,15X , El0.3/) 
DO 272 J=l , fol 
WCCLK,J)=WC(LK,J)*6.2~318 
CONTINUE Q,E TURN 
END 
• 
I .  





l .  
B I B L I O G R A P H Y  
S e s h u ,  S .  a n d  W a x m a n ,  R .  ,  
1 1  
F a u l t  I s o l a t i o n  i n  C o n v e n t i a l  
L i n e a r  S y s t e m s - - - A  F e a s i b i l i t y  S t u d y ' ' ,  I E E E  T r a n s a c t i o n s ,  
v .  R - 1  5 ,  p .  1  1  - 1  6  ,  M a y  1  9  6  6  .  
2 .  T s i a n g ,  S .  H .  ,  H a u g k ,  G .  ,  a n d  S e c k l e r ,  H .  N .  .  ' ' M a i n t e n a n c e  
o f  a  L a r g e  E l e c t r o n i c  S w i t c h i n g  S y s t e m " ,  I E E E  T r a n s a c t i o n s ,  
v .  C O M - 1 7 ,  p .  1 - 9 ,  F e b r u a r y  1 9 6 9 .  
3 .  C h a n g ,  W .  T . ,  D e t e r m i n a t i o n  o f  N e t w o r k  F u n c t i o n s  b y  
T o p o l o g i c a l  F o r m u l a ,  M a s t e r ' s  T h e  s i s ,  N a v a l  P o s t g r a d u a t e  
S c h o o l ,  M o n t e r e y ,  C a l i f o r n i a ,  J u n e  1 9 6 8 .  
4 .  V a n V a l k e n b u r g ,  M .  E  . .  N e t w o r k  A n a l y s i s ,  2 d  e d . ,  P r e n t i c e -
H a l l ,  1 9 6 4 .  
5 .  K u o ,  F .  F . ,  N e t w o r k  A n a l y s i s  a n d  S y n t h e s i s ,  2 d  e d . ,  W i l e y ,  
1 9 6 2 .  
6 .  
V a n  V a l k e n b u r g ,  M .  E .  ,  I n t r o d u c t i o n  t o  M o d e r n  N e t w o r k  
S y t h e s i s ,  W i l e y ,  1 9 6 0  .  
7 .  D ' A z z o ,  J .  J .  a n d  H o u p i s ,  C .  H . .  F e e d b a c k  C o n t r o l  S y s t e m  
A n a l y s i s  a n d  S y n t h e s i s ,  2 d  e d . ,  M c G r a w - H i l l ,  1 9 6 6 .  
8 .  C o u r v i l l e ,  J .  D . ,  A  T o p o l o g i c a l  A p p r o a c h  t o  F a u l t  I s o l a t i o n ,  
M a s t e r ' s  T h e s i s ,  N a v a l  P o s t g r a d u a t e  S c h o o l ,  M o n t e r e y . ,  
C a l i f o r n i a ,  J u n e  1 9 6 9 .  
9 .  C a v e ,  W .  C . ,  " M o v e  T o w a r d  A u t o m a t e d  C i r c u i t  D e s i g n " ,  
E l e c t r o n i c  D e s i g n ,  v .  1 7 ,  p .  1 8 4 - 1 8 9 ,  1 5  A u g u s t  1 9 6 8 .  
5 7  
l .  
2 .  
3 .  
4 .  
5 .  
I N I T I A L  D I S T R I B U T I O N  L I S T  
D e f e n s e  D o c u m e n t a t i o n  C e n t e r  
C a m e  r o n  S t a t i o n  
A l e x a n d r i a ,  V i r g i n i a  2 2 3 1 4  
L i b r a r y ,  C o d e  0 2 1 2  
N a v a l  P o s t g r a d u a t e  S c h o o l  
M o n t e r e y ,  C a l i f o r n i a  9 3 9 4 0  
N a v a l  E l e c t r o n i c s  S y s t e m s  C o m m a n d  
D e p a r t m e n t  o f  t h e  N a v y  
W a s h i n g t o n ,  D .  C .  2 0 3 6 0  
P r o f e s s o r S .  G .  C h a n  
D e p a r t m e n t  o f  E l e c t r i c a l  E n g i n e e r i n g  
N a v a l  P o s t g r a d u a t e  S c h o o l  
M o n t e r e y ,  C a l i f o r n i a  9 3 9 4 0  
L i e u t e n a n t  ( j u n i o r  g r a d e )  J a m e s  R .  D y e r ,  U S N  
5 2  5  S o u t h  H i l l  S t r e e t  
F a y e t t e v i l l e ,  A r k a n s a s  7 2 7 0 1  
5 8  
N o .  C o p i e s  








U n c l a s s i f i e d  
S e c u r i t y  C l a s s i f i c a t i o n  
D O C U M E N T  C O N T R O L  D A T A - R  &  D  
( S e c u r i t y  c : I a s s i l i c : a t i o n  o l  t i t l e ,  b o d y  o f  a b s t r a c t  a n d  indexln~ a n n o t t J t i o n  m u s t  b e  e n t e r e d  w h e n  t h e  o v e r a l l  r e p o r t  I a  c l a a a i f l e d )  
I .  O R I G I N A T I N G  A C T I V I T Y  ( C o r p o r e l e  e u t h o r )  
z e .  R E P O R T  S E C U R I T Y  C L A S S I F I C A T I O N  
N a v a l  P o s t g r a d u a t e  S c h o o l  
U n c l a s s i f i e d  
M o n t e r e y ,  
C a l i f o r n i a  
9 3 9 4 0  
2 b .  G R O U P  
3 .  R E P O R T  T I T L E  
O n  F a u l t  I d e n t i f i c a t i o n  o f  L i n e a r  N e t w o r k s  
4 .  D E S C  R I P  T l  v  E  N O T E S  ( T y p e  o f  r e p o r t  e n d , I n c l u a i v e  d e l e  a ;  
M a s t e r ' s  T h e s i s ;  J u n e  1 9 6 9  
s .  A U  T H O R  l S I  ( F i r a t  n e m e ,  m i d d l e  I n / t i e l ,  l e s t · n e m e )  
J a m e s  R .  
D y e r  
& .  R E P O I ' I T  D A T E  
7 e .  T O T A L  N O .  O F  P A G E S  
r b ·  N O .  0
9  
R E F S  
J u n e  1 9 6 9  
5 9  
8 e .  C O N T R A C T  0 1 ' 1  G I ' I A N T ·  N O .  
D e .  O R I G I N A T O I ' I I ' S  I ' I E P O R T  N U M I I E I ' I I ( S )  
i  
b .  P R O J E C T  N O .  
c .  
D b .  O T H E R  I ' I E P O R T  N O ( S )  ( A n y  o t h e r  n u m b e r e  t h e t  m e y  b e  e e a / / l l f l e d  
t h l •  r e p o r t )  .  
d .  
1 0 .  D I S T R I B U T I O N  S T A T E M E N T  
. . .  
D i s t r i b u t i o n  o f  t h i s  d o c u m e n t  i s  u n l i m i t e d .  
1 1 .  S U P P L E M E N T A I ' I Y  N O T E S  
1 2 .  S P O N S O R I N G  M I L I T A R Y  A C T I V I T Y  
-
N a v a l  P o s t g r a d u a t e  S c h o o l  
M o n t e r e y ,  
C a l i f o r n i a  
9 3 9 4 0  
1 3 .  A B S T R A C T  
A  s t u d y  h a s  b e e n  m a d e  o n  t h e  p o s s i b i l i t y  o f  i d e n t i f y i n g  f a u l t y  c o m p o n e n t s  
o f  a  n e t w o r k  b y  m a k i n g  t e s t s  o n l y  o n  e x t e r n a l  p o i n t s  o f  t h a t  n e t w o r k .  T h e  
c o n c l u s i o n  i s  m a d e  t h a t  t h i s  i s  p o s s i b l e ,  
a n d  t h a t  a  p r a c t i c a l  m e t h o d  o f  d o i n g  
t h i s  c a n  b e  d e v e l o p e d  f r o m  t h e  c o m p u t e r  p r o g r a m  p r e s e n t e d  a s  a  r e s u l t  o f  
t h i s  i n v e s t i g a t i o n .  
T h e  m e t h o d  u s e d  i s  t o  s e l e c t  t h e  v o l t a g e  t r a n s f e r  f u n c t i o n s  o f  a  n e t w o r k  
a s  t h e  q u a n t i t i e s  o n  w h i c h  t h e  t e s t s  w i l l  b e  m a d e .  T h e  p o l e s  a n d  z e r o s  o f  
t h e s e  f u n c t i o n s  a r e  u s e d  t o .  s e l e c t  a  s e t  o f  t e s t  f r e q u e n c i e s .  F r o m  t h e  m e a s u r e -
m e n t s  m a d e  a t  t h e s e  f r e q u e n c i e s ,  
a  s e t  o f  s i g n a t u r e s  i s  a v a i l a b l e  w h i c h  a l l o w  
t h e  f a u l t y  c o m p o n e n t s  t o  b e  i d e n t i f i e d  .  
•  
•  
D O  / N ° o " v  . . . .  1 4  7 3  
( P A G E  1 )  
U n c l a s s i f i e d  
5 / N  0 1 0 1 - 8 0 7 - 6 8 1 1  
s e c u r i t y  C l u s i f i c a t i o n  
5 9  ·  • - u • o •  
U n c l a s s i f i e d  
-
- S e c u r i t y  C 1 a s s i f i c a t i  
o n  
I  4 .  
L I N K  A  L I N K  B  
L I N K  C  
K E Y  W O R D S  
R O L E  
W T  R O L E  
W T  R O L E  
W T  
F a u l t  I d e n t i f i c a t i o n  
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U n c l a s s i f i e d  
S I N  0 1 0 1 · 8 0 7 · 6 8 2 1  
6 0  
S e c u r i t y  C l a s s i f i c a t i o n  
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